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Ondanks de bezwaren verbonden aan andere beschrijvingen, valt het te betreuren 
dat door Shaw de "oxopurinen" worden voorgesteld als hydroxypurinen met slechts 
een enkele verwijzing naar hun voorkomen in de amidevorm. 
C.Shaw in Kuihl's Chemistry ui Carbun Compounds, vol . IV, deel L (Ed. S.Coffey), 
Elsevier (1980). 
Ter verklaring van de produkten die worden gevormd bij de reactie van aryl-
mercaptanen met epoxiden wordt door Schultz e.a. te weinig waarde aan het 
stabiliserende effect van de arylthiogroep toegekend. 
A.G.Schultz, W.Y.Fu, R.D.Lucci, B.G.Kurr, K.M.Lo en M.Boxer, J.Am.Chem.Soc., 
100, 2140 (1978). 
Het reactiemechanisme dat wordt voorgesteld ter verklaring van het optreden 
van kleuring wanneer caffeïne met onderchlorigzuur-pyridine wordt behandeld, 
is aan bedenkingen onderhevig. 
K.Kigasawa, K.Olikubo, T.Kohagisawa, H.Shimizu en S.Saitoh, Heterocycles 4, 
1257 (1976). 
K.Kigasawa, K.ühkubo, T.KohagLsawa, H.Shimizu, S.Saitoh en T.Kametani, 
Yakugaku Zasshi, 97, 18 (1977). 
Het is uitgesloten dat de vorming van 2,4-diamino-l,6-naftyridine uit 2-amino-
4-broom-l,6-naftyridine bij behandeling met kaliumamide in vloeibare ammoniak 
kan worden verklaard door een eliminatie-additie mechanisme. 
W.Czuba, T.Kowalska en P.Kowalski, Polish Journal of Chemistry, 52, 2369 (1978). 
De structuurformule die Shaw geeft voor herbipoline zou het eerste voorbeeld 
zijn geweest van een purine waarin zich twee methyl groepen op hetzelfde 
stikstofatoom bevinden. 
G.Shaw in Rodd's Chemistry of Carbon Compounds, vol.IV, deel L (Ed. S.Coffey), 
Elsevier (1980). 
EK 
LANDSO;'- ::n(»L 
De aanwezigheid van een deuteriumatoom op N(7) in N , N -dimethyladenine 
hydrochloride kan geen extra belemmering zijn voor rotatie van de dimethyl -
ami nog roep. 
T.P.Pitner, H.Sternglanz, C.E.Bugg en J.D.Glickson, J.Am.Chem.soc., 97, 
885 (1975). 
7 
Een a l te rnat ie f mechanisme voor de tele-aminering van 3-broomimidazo [ l , 2 - a ] 
pyridine to t 6-aminoimidazo [1.2-al pyridine is ook plausibel. 
E.Smakula Hand and W.W.Paudier, J.Org.Chem., 43, 2900 (1978). 
De herkomstomschrijving van Duitse wijnen laat, in tegenstelling tot wat 
Leenaers beweert, nog wel iets te wensen over. 
R.Leenaers, De Duicse Wijnatlas, Keesing (1977). 
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1 INTRODUCTION 
The study presented in this thesis is mainly concerned with reactions of purines 
in a strongly basic medium. In part A of this introduction a comprehensive 
review of the nucleophilic substitutions and ring opening reactions of purines 
will be presented. In addition some electrophilic substitutions in purines will 
be discussed. 
The second part of this thesis describes the occurrence of geometrical isomerism 
in the anions of aromatic amino compounds, /tea-aromatic amino compounds are 
products of the reactions of aza heterocycles with potassium amide in liquid 
ammonia - the nucleophile used in our study - and show interesting geometrical 
conformations in this strongly basic medium. 
Some aspects of geometrical isomerism, relevant to this subject, will therefore 
be discussed in section B of this introduction. 
A. Chemistry and history of purines 
The chemistry of purines can be considered to have its origin in 1776 with the 
isolation of uric acid from urinary calculi by both Scheele and Bergmann. Many 
years passed before the correct empirical and structural formula of the purine 
skeleton was established. 
The final proof for its structure was obtained by Fischer in 1895, showing that 
the formula proposed by Medicus in 1875 was correct. 
The designation "purine" for the ring skeleton, introduced by Fischer, is still 
in use today (Scheme I, see reviews). 
Scheme 1 
13 
In the years thereafter Fischer and co-workers achieved the synthesis of many 
new purine derivatives, mainly starting from natural purines. A versatile 
synthesis of purines from other precursors has been developed by Traube (1900). 
This route, starting from a 4,5-diaminopyrimidine is still the most important 
method of preparing purines from other precursors (Scheme II). 
u NH2 "NHR 
OH, Y = 0 
NH2 0 
CI 0 
NH2 NH 
// 
Z = H 
CnHjn + i 
OH 
SH 
Boheme 2 
Fischer discovered the first rearrangement of the purine ring, when he treated 
2 
6-amino-2-chloro-7-methylpurine with base . He obtained 7-methylguanine instead 
of the expected 7-methylisoguanine. Reinvestigation of this reaction by Shaw 
showed however, that 7-methylguanine is formed alongside 7-methylisoguanine, 
indicating that not one but two substitutions take place, both proceeding via 
3 
a ring opening mechanism (Scheme III). 
OH 
OH" 
N = C 
H 2N X 
0 ^ H 
CH3 
N 
// 
Scheme 3 
14 
This reaction can be considered as the first example of a so-called SM(ANR0RC) 
4 
reaction . This term refers to a reaction that involves a series of steps: 
Addition of a Nucleophile followed by Ring Opening and Ring Closure. Numerous 
examples of this mechanism have been found since then in the amide-induced 
4 
amination of, for example, 2- and 4-halogenopyrimidines . 
The increasing number of synthetically available purines induced numerous 
studies on their biological activity. Several effects (diuretic, antiviral, 
antithyroid) have been reported for purines; the majority of the efforts were 
directed, however, to increase our knowledge of their antitumor activity. 
In 1964 a first review appeared discussing the antitumor activity and structu-
5 
ral relationships of purine derivatives . In this field 6-mercaptopurine 
(leukerin, mercaleukin, purinethol) in particular is still used frequently 
against acute leukemia. 
A.l Nucleophilio substitutions 
Nucleophilic displacements are frequently used for the introduction of substi-
tuents and occur easily in purines. In general the reactivity of the purine 
ring is greatly influenced by deprotonation of the imidazole ring. At position 
8 especially a large decrease in reactivity is observed. A discussion of the 
reactivity of the three different carbon positions has been given by Miller, 
who showed that in neutral purines the reactivity sequence is 8 ^ 6 > 2, but 
in anionic purines 6 > 8 > 2 . A kinetic study of the rate of nucleophilic dis-
placement in the series of 2,6 or 8-(methylthio)-l,3,7 or 9-methylpurines has 
shown that the position of the methyl group influences the reactivity (6 > 2 > 8 
in 1-methylpurines and 6 > 8 in 3-methylpurines) . 
Several publications show that under controlled conditions gradual substitution 
is possible. For instance, reaction of 6-chloro-2-fluoropurine with hydroxyl-
amine gives 2-fluoro-N -hydroxyadenine at 5°C and 2,6-di(hydroxyamino)purine at 
g 
reflux temperature . When the nucleophile is present in the side-chain of a 
purine derivative, nucleophilic displacements can be used for the annellation 
9 10 
of rings at the 1,6 or 7,8 position . The possibility of introducing a 
substituted alkyl group at position 6 or 8 via a nucleophilic substitution 
with carbon nucleophiles has stimulated the interest in this type of reactions 
in recent years. The methyl sul fonyl group in particular has been found to be 
for 
12 
11-13 
easily replaceable , as shown by the conversion of 6-(methyl sul fonyl)-9 
phenylpurine with malononitrile into 9-phenylpurine-6-malononitrile 
15 
These reactions also occur at position 8 in 8-methylsulfonylpurine nucleosides 
14 
and at position 6 in 6-chloro-9-phenylpurine . 
Introduction of an alkyl substituent can also be achieved by Grignard reagents, 
but the number of applications is limited. 9-Phenylpurine reacts with alkyl-
magnesiumbromides at position 6, giving l,6-dihydro-6-alkyl-9-phenylpurine 
15 
which on oxidation with alkaline ferricyanide yields the corresponding purine . 
On the other hand 7-phenylpurine undergoes alkylation at position 8, since due 
to steric hindrance position 6 is blocked . In 8-bromopurine nucleosides the 
reaction also takes place at position 8. The replacement of hydrogen by an 
amino group by reaction with alkali amides - the so-called Chichibabin amina-
tion - has been stated not to occur with purine . 
A. 2 Ring opening reactions 
In the ring opening reactions, that purines undergo, two different patterns can 
be discerned: i. reactions which involve opening of the pyrimidine ring and 
give an imidazole derivative, i.i. reactions which lead to opening of the 
imidazole ring and yield a pyrimidine derivative. Both types of ring opening 
18 
occur and Badger and Bari in have shown, by comparing the reactivity of 2,6-
and 8-monosubstituted 1,3,7- and 9-methylpurines,that the substitution pattern 
influences the site of nucleophilic attack and determines which of the two 
rings will be opened. 
i. Reactions, involving opening of the pyrimidine ring 
The opening of the pyrimidine ring takes place in basic medium and generally 
involves addition of the hydroxide ion at position 2. The imidazole derivatives 
can be isolated and used for the synthesis of other compounds, depending on 
their stability and the reaction conditions. In many cases, however, the 
substituents present in the initially formed imidazole recyclize under the 
reaction conditions to give a new purine derivative or other products. The 
prime example of this type of reactions is the extensively studied Dimroth 
rearrangement, in which 1-substituted adenines and their salts in basic medium 
isomerize into an N -substituted adenine. Other ring systems, like pyrimidines, 
19 
can also undergo this rearrangement . The reaction involves addition of the 
hydroxide ion at position 2, ring opening (via cleavage of the N(l) - C(2) bond) 
and ring closure (Scheme IV). 
Recently good evidence for this mechanism has been obtained through the use of 
N-labelled compounds and the isolation of reaction intermediates ' . 
16 
OH" 
R-N=C 
HOx 
C=N 
NH2 
/ H 
N 
w 
R = CH2CH2OH 
OCnHjn+i 
R, = H 
p-O-r ibof uranosyl 
Scheme IV 
The rearrangement of 2-amino-l-methyladenine into 2-methylaminoadenine is an-
other interesting example of such reactions; this reaction, however, involves 
22 addition at position 6 and breaking of the N(l) - C(6) bond . The Dimroth 
rearrangement has also been applied for the synthesis of 2-substituted purines 
and 2-asapurines. For this purpose the reaction intermediate was isolated and 
reacted with various reagents (Scheme V) " . 3,9-Dialkyladenines can also be 
27 synthesized from these intermediates (Scheme V) . 
OH 
CH2C6H5 
"i = CnH2rui 
CH2C6H5 
ß-O-ribof uranosyl 
"2= CfiHjfi+t 
CH2C6H5 
Scheme V 
17 
The previously mentioned Dimroth rearrangements involve the isomerization of 
1-mono- and 1,9-disubstituted adenines, but 3,9-disubstituted purines are also 
27-31 
vulnerable to attack of the nucleophile at position 2 (Scheme VI) . 
R 0 
Ri 
R = NH 
0 
3 
R» 
OH" 
». 
R, = CH3 
C2H5 
CH2C6H5 
R 
II 
H2N — C \ , - N 
R, R? 
R2 = CH3 
C2H5 
CH2C6H5 
f i -U-ribofuranosyl 
2-deoxy-ß-D-ribofuranosyl 
Scheme VI 
The cytokinin activity of the N - substituted adenines (plant growth substan-
ces) is also observed with 3-substituted adenines. This has been explained by 
ring opening of the pyrimidine ring and recyclization to N - substituted 
adenines. Opening of the imidazole ring seems to occur as well, although less 
32 
readily . 
Inosine - l,6-dihydro-6-oxo-9-ß-D-ribofuranosylpurine - undergoes attack at 
position 2 on treatment with aqueous base. This reaction is competitive with 
33 isomerization and hydrolysis of the sugar moiety . Remarkably, on reaction 
34 
with base in the absence of water only hydrolysis occurs . 
Nucleophiles frequently attack position 6 in purines, but this usually does 
not lead to ring opening. An interesting exception is the reaction of purine 
with malononitrile leading to 5-aminoimidazo [4,5-b] pyridine-6-carbonitrile 
(Scheme V I I ) 3 5 . 
The reaction of 6-methylthiopurine , 6-methylthio-9-methylpurine and 1-
37 
methyladenine with acids also involves opening of the pyrimidine r i n g . 
18 
N=C 
\ 
N \ CHitCNh,
 N s c / 
C = HC 
HN=HC-N 
H 
\ 
V.cheme Vil 
i.i. Réactions involving opening of the imidazole ving 
Opening of the imidazole ring is initiated by an attack of the nucleophile at 
position 8. This is illustrated by the reaction of 3-alkyladenines with carbo-
benzoxychloride. Initially a 3,7-disubstituted adeninium derivative is formed, 
which subsequently undergoes nucleophilic attack at position 8, leading to 
opening of the imidazole ring. Recyclization yields an 8-oxoadenine derivative 
(Scheme VIII) 3 8. 
C02CH2C6Hs 
N 
NH2 
Scheme V11I 
NHC02CH2C6H5 NHC02CH2C6H5 
N / " ' < ^ N H C 0 2 C H 2 C 6 H 5 
KX 
R = C2H6 
CH2C^s 
•NH 
19 
A similar ring opening has also been observed for 7- or 9-substituted 
39-41 
purines . When the substituent is a sugar moiety the reaction is competi-
tive with cleavage of the glycosidic bond and gives substituted pyrimidines, 
42 
useful intermediates in the synthesis of 8-asapurines (Scheme IX) . 
OH" 
NH2 
NHR 
R = ß-D-ribofuranosyl 
2'-deoxy-0-D-ribofuranosyl 
Scheme IX 
Another example of the vulnerability of the imidazole ring to attack at position 
8 is the ring transformation found on treatment of 6-cyano-9-(2',3',5'-tri-
43 O-acetyl-ß-D-ribofuranosyl ) purine with methanolic ammonia (Scheme X) . 
CO -*- o -NHR 
NHR 
R = 2',3'. 6"-1 r i -O- acetyl - ß - D-ribofuranosyl 
Scheme X 
A.3 Kleatrophilic substitutions 
Electrophilic attack on the purine ring only occurs if the ring system is 
activated by the presence of electron donating groups. These must be present 
on position 2 or 6 and lead to substitution at position 8. Most classic electro-
philic substitutions concern nitration, diazo coupling and halogenation, but 
more recently electrophilic ami nation by aromatic hydroxylamines has been found. 
The amination at C-8 in guanosine by hydroxylamine-O-sulfonic acid may also 
44 proceed via electrophilic substitution, but this is still uncertain . 
In the future a renewed interest in electrophilic substitutions may arise from 
20 
the possibi l i ty that electrophilic attack on purines is important in chemical 
. 45 carcinogems . 
A new method of increasing the reactivity of purines toward electrophilic 
reagents is the formation of an anion at position 6 or 8 via a reaction with 
46-48 butyll ithium. The resulting anion can react with a variety of electrophiles 
An example is the formation of 6- or 8-lithio-9-(2'-tetrahydropyranyl) purine 
from 6-iodo-9-(2'-tetrahydropyranyl) purine with butyll ithium. In this reaction 
the 6-1ithio derivative is formed i n i t i a l l y and later equilibrates to the 8-
l i t h io derivative. These l i t h io compounds react with ketones etc. to produce 
48 6- or 8-substituted 9-(2'-tetrahydropyranyl) purines . 
B. Geometrical isomerism in aromatic amines 
The occurrence of geometrical isomerism in compounds as oximes has been recogniz-
49 ed for some time . 
N 
/ C ^ 
NR2 
H, alkyl 
Scheme XI 
This phenomenon has also been observed in butylphenylketimine at temperatures 
below -40°C in aprotic solvents . 
The conjugation between the amino group and the ring in aromatic amines induces 
a partial double bond character in the C-N bond and brings the substituents on 
51 the amino group in the plane of the ring (Scheme XII) . 
Scheme XII 
Geometrical isomerism can be observed in these compounds, providing that, when 
hydrogen substituents are involved, there is no rapid exchange of the substitu-
ents on the amino group. It is remarkable that this condition can even be met 
21 
52 for some N-unsubstituted aromatic amines in water . Several NMR studies have 
appeared, especially on cytosine derivatives, showing that both the neutral 
and the cationic compounds (in which the pyrimidine ring is protonated) can 
53 54 
occur in two isomeric structures, not only in various organic solvents ' 
52 55 but also in water at a slightly acidic pH ' . 
Ra Rb 
N 
N 
I 
CH3 
X 
R = H,CHj 
Scheme XIII 
Barbieri et al have given a comparison of the rotational barriers in neutral 
and cationic amines based on dynamic NMR measurements and theoretical calcula-
56 tions . Many aromatic amines show geometrical isomerism at low temperatures. 
The coalescence temperature depends, of course, on the structure of the 
compounds and varies considerably: ranging from about -120 C for N-methyl-
C~l C O
 rt CQ 
anilines ' to above 20 C for 9-substituted 6-methylaminopurines . 
Rotational barriers are usually determined from dynamic NMR measurements and 
15 this method has proved to be more reliable than a method based on N chemical 
shifts . Sterical hindrance and hydrogen bonding between the substituents on 
the amino group and neighbouring ortho groups are important in determining the 
59 isomer ratio and the rotational barrier . 
It is obvious that any substituent, that influences the conjugation between the 
amino group and the aromatic ring has a considerable effect on the rotational 
k . 58,61-63 barrier 
Derealization of the negative charge leads to conjugation between the de-
protonated amino group and the ring in the anions of aromatic amino compounds. 
However, it is possible that the occurrence of geometrical isomerism in these 
anions is not observable due to fast exchange in the basic medium, being 
necessary to generate the anion from the neutral compound. 
64 65 
The NMR spectra of the anions of several anilines , aminopyrazine and 2-
65 
aminopyridine in liquid ammonia containing potassium amide were reported 
without mention of the occurrence of geometrical isomerism. 
22 
The 2-aminopyridines did not show geometrical isomerism in aprotic solvents 
as tetrahydrofuran, hexamethylphosphoramide, N,N,N',N'-tetramethylethylenedi-
fifi 
amine and 1,2-dimethoxyethane containing butyllithium either . 
The non-equivalency of H-4 and H-6 in the NMR spectrum of the anion of 2-methyl -
aminopyrimidine in liquid ammonia containing potassium amide at -50°C, however, 
was explained on the basis of geometrical isomerism . This result seems to 
suggest that the non-occurrence of geometrical isomerism in anilines, amino-
pyridines and aminopyrazine is due to the fact that the NMR spectra were 
measured above the coalescence temperature. 
Geometrical isomerism was also used as an explanation for the non-equivalency 
of H-3 and H-5 in the NMR spectrum of N-methyl-2,4,6-trinitroaniline in di-
methyl sulfoxide containing sodium methoxide ' . This explanation was rejected 
by Grudtsyn and Gitis, who stated that the NMR spectrum could be explained if 
a 1:1 a-adduct between N-methyltrinitroaniline and a methoxide ion is formed . 
H 
H3CN OCH] 
Scheme XIV 
A very recent study has shown, however, that the original explanation involving 
geometrical isomerism in the anion, is the correct one . 
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THE CHICHIBABIN REACTION OF PURINES WITH POTASSIUM AMIDE IN 
LIQUID AMMONIA 
Nico J. Kos, Henk C. van der Plas and Beb van Veldhuizen 
Reaction of purine, 2-methyl- and 8-methylpurine with potassium amide in 
liquid ammonia leads to the formation of adenine, 2-methyl- and 8-methyladenine 
respectively. 6-Methyl- and 6,8-di-tert-butylpurine do not react. It was proven 
15 by applying N-labelled potassium amide, that the amination reactions do not 
involve opening of the pyrimidine ring. Low temperature NMR spectroscopy showed 
that in solutions of purine and 2-methylpurine in potassium amide - liquid 
ammonia an anionic a-complex at position 6 is formed. 8-Methylpurine on the 
contrary only showed the presence of a monoanion and a dianion. 
Introduction 
It is well known that purines are in general more susceptible to nucleophilic 
than to electrophilic attack. In basic medium, however, the reactivity towards 
nucleophiles is often strongly decreased due to deprotonation of the NH of the 
2 
imidazole ring. Deprotonation has as further consequence that the pattern of 
addition of nucleophiles changes. Whereas in neutral purines both positions 6 
and 8 are reactive in nucleophilic additions, in the anions of purines addition 
to position 8 is found to be prohibited (due to Coulomb repulsion) and addition 
2 
takes place only at position 6. In both neutral and anionic purines position 2 
2 
is the least reactive. The interesting fact, observed for the first time in 
3 4 
our laboratory, that pyrimidines and s-triazines can undergo Chichi babin 
5 
amination with potassium amide in liquid ammonia involving partly a ring-
opening, ring-closure reaction sequence SN(ANRORC-mechanism) , induced us to 
investigate in detail the behaviour of purine and of the three isomeric C-
methylpurines towards the same reagent. 
Results and Discussion 
Amination of purine 
When purine (1) reacts with 4 equivalents of potassium amide in liquid ammonia, 
27 
adenine (2) is formed as sole product. The reaction rate of this Chichibabin 
amination is very low; after 20 h 30% of purine can still be recovered. How-
ever, after 70 h the conversion of 1 into 2 is quantitative. This method of 
preparation of 2 is new and till now unexplored. The reaction is remarkable 
since under the conditions of the reaction 1 is certainly present in its anio-
nic form (pK purine: 8.9) but despite of that, a nucleophilic attack by the 
a 
amide ion on this negatively charged species can take place. When the amination 
15 
was carried out with N-labelled potassium amide we found that in the labelled 
adenine (2)* the label was present exclusively in the nitrogen of the amino 
15 group, no trace of N-label was present in the nitrogen atoms of the ring. 
* 8 
This was proven by conversion of 2 into hypoxanthine (3) by diazotization and 
by determining the 15N-content in 2* (% 15N: 10.9 (7.6)9) and 3 {% 15N: 0.0 
g 
(0.0) ) using mass spectrometry. 
KNH2 
From these results it is evident that in the formation of 2 from 1 no SN(AN-
R0RC)-mechanism , is involved but that the amination follows a pathway in 
which addition of the amide ion takes place at position 6, followed by loss of 
a hydride ion. This is in agreement with the general observation that in the 
anion of purine position 6 is the most reactive position for the addition of 
2 10 
nucleophiles. ' 
The formation of adenine from the anion of 1 raises the interesting question, 
which step in the amination is rate-determining. Two possibilities can be 
considered. The first one is that the addition of the negatively charged amide 
ion to position 6 of the anion of 1 is rate-determining. It leads to dianion 4 
as intermediate a-adduct. The second possibility -also reasonable- is that the 
aromatization step yielding the monoanion of adenine is rate determining. 
Our first attempt to tackle this problem was to measure the influence of 
deuterium at position 6 on the rate of amination. A competition experiment 
between purine and 6-deuteropurine however, met with little success, since 6-
deuteropurine was found to undergo a slow D/H exchange under the reaction 
28 
Wy\T^\ NHj" N ^ r> s= r r -> 
H 
1 
NHj 
H;N H 
1 13 
conditions. An attempt to detect the intermediate 4 by H- and C-NMR spectros-
copy was more successful. When 1 was dissolved in liquid ammonia containing 
potassium amide (0.07 - 0.5 mmol of 1 in 1 ml of liquid ammonia containing 4 -
1 13 10 equivalents of potassium amide) the H- and C-NMR spectra showed first the 
formation of the anion of 1. Then the anion is slowly converted into a a-
adduct as indicated by a strong upfield shift of 3.04 ppm for one of the hydro-
2 
gens and 76.1 ppm for one of the carbon atoms (change of hybridization of sp 
3 
-• sp ) (see Table I and II). The appearance of signals of the adduct leads at 
the same time to a disappearance of the signals of the anion of 1. The upfield 
shift values are in good agreement with those reported in the literature. ' ' 
No splitting of the proton signal at s 5.75 into a triplet was observed due to 
13 
a fast hydrogen exchange caused by the large excess of potassium amide. That 
the formation of the adduct takes place at position 6 was unequivocally proven 
1 13 by comparing the H- and C-NMR spectra of 6- and 8-deuteropunne in liquid 
ammonia containing potassium amide (Table I and II). These results strongly 
indicate that the second step in the ami nation, the aromatization step is thus 
the rate-determining step. The data further prove that addition of the amide 
15 ion to the anion of purine is easily possible. 
6-methylpurine 
In order to investigate whether the presence of a substituent at position 6 
would lead to amination at another position, we investigated 6-methyl- (5) and 
6,8-di-t-butylpurine. It can be expected that the amination of methylpurines by 
potassium amide will be strongly retarded due to formation of a dianion through 
29 
Table I H-NMR Data (& Values) of Purines. Methylpurines and its several 
Deutero Derivatives in Liquid Amnonia containing Potassium Amide 
purine 
6-D-purine 
8-D-purine 
6-CH3-purine 
6-CH,-8-D-purine 
2-CHo-purine 
2-CH3-8-D-purine 
8-CH3-purine 
6-D-8-CH3-purine 
6,8-di-t-butylpurine 
anion 
adduct 
anion 
adduct 
anion 
adduct 
anion 
dianion 
anion 
dianion 
anion 
adduct 
anion 
adduct 
anion 
dianion 
anion 
dianion 
neutral (CDC13) 
H-2 
8.58 
6.95 
8.62 
6.96 
8.61 
6.99 
8.48 
7.24 
8.48 
7.21 
8.42 
7.35 
8.40 
7.29 
9.00 
H-6 
8.79 
5.75 
8.82 
5.76 
8.68 
5.69 
8.71 
5.71 
8.54 
6.77 
H-8 
8.12 
6.83 
8.15 
6.85 
8.06 
7.09 
8.05 
6.83 
CH^CH^) 
2.68 
3.02* 
2.68 
3. or" 
2.60 
1.77 
2.63 
1.80 
2.48 
2.48 
2.44 
2.44 
1.61 and 
1.65 
?AB quartet (J = 3 Hz) 
proton abstraction of both the NH and the methyl group. We found that the 
reaction of 5 with potassium amide in liquid ammonia for 140 h did not give a 
product. An H-NMR spectrum of this solution first showed the formation of 
anion (6), which, with a larger excess of potassium amide, was completely 
converted into the dianion 7 as illustrated by the appearance of the CH~ 
16 
signal as an AB quartet (Scheme III, Table I). 
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The H-NMR signals were assigned by comparison with those of 6-methyl-8-deutero-
purine. 6,8-Di-t-butylpurine, from which only a monoanion and no dianion can be 
formed, was found to be completely inactive. These experiments show that blo-
cking of position 6 in the purine ring does not lead to another position for 
nucleophilic attack! 
2-MethyLpurine 
When 2-methylpurine (8a) is reacted with potassium amide in liquid ammonia for 
70 h a tarry mass is obtained from which 2-methyladenine (9a, 20%) can be 
isolated; 5% of 8a can be recovered. The structure of 9a was proven by mass 
13 17 18 
spectroscopy and comparison of the C-NMR spectrum and the UV spectrum 
1 13 
with those reported in the literature. The H- and C-NMR spectra of solutions 
of 8a in liquid ammonia containing potassium amide showed the presence of an 
adduct at position 6 as shown by the upfield shift of 2.94 ppm for H-6 and 77.6 
ppm for C-6. This adduct was slowly formed from the anion of 2-methylpurine 
(Table I and II). The assignment of the H-signals was unequivocally establi-
shed by comparison with the signals of 2-methyl-8-deuteropurine. We found no 
spectroscopic evidence for the presence of a dianion, although this does not 
exclude the presence of this species in a very low concentration. 
8 
a. R'=CHj ; R2 = H 
b. R'=H ; R2 = CHj 
N ^ r> CHj 
10 
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8-MethyIpurine 
After reacting 8-methylpurine (8b) with potassium amide for 70 h a tarry mass 
was obtained; we recovered 25% of 8b and isolated 8-methyladenine (9b) in 25% 
13 yield. The structure of this product was confirmed by mass spectroscopy, C-
NMR spectroscopy and by comparison of the UV spectrum with that reported in the 
literature. Reaction with N-labelled potassium amide gave N-labelled 8-
methyladenine (% N: 7.4 (7.1) ). Diazotization yielded unlabel led 8-me-
15 9 thylhypoxanthine [% N 0.0 (0.0) ) showing that the formation of 9b from 8b 
does not proceed via a ring opening reaction. Compound 8b thus reacts identi-
cally as purine towards potassium amide. Attempts to obtain spectroscopic 
1 13 
evidence for the intermediacy of a a-adduct failed. The H- and C-NMR spec-
trum of a solution of 8b in liquid ammonia containing potassium amide showed 
besides the monoanion only the presence of a dianion. This is clearly indicated 
by the small upfield shift observed: 1.07 ppm for H-2, 1.77 ppm for H-6 and 
13 24.9 ppm for C-6 (Table I and II). The C signal of the side chain carbon was 
split into a triplet indicating the presence of a CHI group. However in the H-
NMR spectrum the signal of the hydrogens of the side chain at 6 2.48 appeared 
as a singlet instead of an AB quartet as observed for the signal of the CHI 
group in 6-methyladenine. This is certainly due to the fact that both hydrogens 
are in a symmetrical chemical environment towards the imidazole ring (see 
formula 10). It is unlikely that this dianion could be an intermediate in the 
amination -in case addition of an amide ion would take place it gives a tri-
anion- it seems therefore more likely that an adduct between a monoanion and 
the amide ion must be present in the solution, although in a concentration too 
low to be detected by NMR spectroscopy. We observed that 6-deutero-8-methylpu-
rine undergoes a rapid D/H exchange during the NMR measurements. This behaviour 
is in remarkable contrast to the very slow D/H exchange observed with 6-deutero-
purine. 
Experimental Section 
13 1 C- and H-NMR spectra were obtained with a Varian XL-100-15 spectrometer, 
equipped with a Varian 620/L16K computer. H spectra were recorded also on a 
Jeol C-60H spectrometer, equipped with a JES-VT-3 variable temperature control-
ler. When measuring in DMS0 d-6 internal TMS was used as standard. When measu-
ring in liquid ammonia the sample temperature was ca. -50°C. For C-NMR spec-
tra trimethylamine was used as internal standard. These spectra were converted 
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13 to the TMS scale by adding 47.5 ppm. Typical C spectral parameters were as 
follows: spectral width 5120 Hz, acquisition time 0.8 s, pulse delay 1.2 s, 
pulse width 10 us. For H spectra NHL was used as standard. The spectra were 
15 
converted to the TMS scale by adding 0.95 ppm. Mass spectra and N contents 
were determined on an AEI MS-902 mass spectrometer. IR spectra were obtained 
with a Perkin Elmer 237 and an Hitachi EPI-G3 and UV spectra with a Beekman 
Acta CIII. 
Preparation of Starting Materials 
20 21 22 
Purine , 2-methyl- and 8-methylpurine were prepared as described in the 
literature. 6-Methylpurine was purchased from Sigma and adenine from Merck. 
15 15 
N-labelled ammonia was prepared by reacting N-labelled ammonium nitrate 
(from VEB Berlin-Chemie) with potassium hydroxide. 
6,8-Di-t-butylpurine. 1.3 G of purine, 0.15 g of silver nitrate and 6.5 g of 
pivalic acid were dissolved in a solution of 1 g of sulfuric acid in 10 ml of 
23 
water. With stirring 10 g of ammoniumperoxydisul fate dissolved in 30 ml of 
water were added in 45 minutes, followed by an additional 45 minutes stirring. 
The solution was made alkaline with aqueous sodium hydroxide and extracted with 
chloroform. The extracts were dried (MgSO«), the solvent was evaporated and the 
residue purified by column chromatography on silica gel using chloroform /ethyl-
acetate 1:1 as eluent, followed by sublimation in vacuo (160 - 180°C at 15 mm) 
and recrystallization from hexane; yield 1.7 g (67%), mp 194 - 195°C. Anal. 
Calcd for C 1 3H 2 0N 4 C.67.20; H.8.68. Found C.67.50; H.8.81. The structure was 
proven by H- and C-NMR spectroscopy (see Table I and II). 
8-Deutevo- and 2-methyl-8-deuteropurine were obtained by refluxing purine and 
24 2-methylpurine respectively in deuteriumoxide. 
24 G-Deutero-8-methylpurine was prepared by the same method. The position of 
25 deuteration was proven by NMR spectroscopy. 
6-Deuteropurine was prepared by introducing oxygen in a solution of 6-hydrazi-
26 
nopurine (prepared from 6-chloropurine) in deuteriumoxide containing sodium 
27 hydroxide. For NMR measurements the deuterium labelled compounds were diluted 
to about 50% deuterium content. 
34 
Reactions with Potassium Amide. 1 Mmol purine was reacted with 4 mmol potassium 
amide dissolved in 15 ml dry liquid ammonia. After 20 or 70 h the reaction was 
quenched with ammoniumsulfate, the ammonia evaporated and the residue extracted 
with methanol. Separation of the products was achieved by column chromatography 
or preparative TLC with mixtures of methanol and chloroform as eluent. 
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3 THE BEHAVIOUR OF 6- AND 8-SUBSTITUTED PURINES TOWARD 
POTASSIUM AMIDE IN LIQUID AMMONIA 
Nico J. Kos, Henk C. van der Plas and Beb van Veldhuizen 
Reaction of 6-chloro- and 6-(methylthio)purine with potassium amide in liquid 
ammonia leads to the formation of adenine. When these aminations are carried out 
15 15 
with N-labelled potassium amide, the N-label is found to be present in the 
amino group, proving that these reactions do not involve opening of the pyrimi-
1 13 dine ring. Low temperature H- and C-NMR spectroscopy of solutions of 6-
chloro- and 6-(methylthio)purine in liquid ammonia, containing potassium amide 
give no evidence for the presence of an intermediary a-adduct. 8-Chloro- and 8-
(methylthio)purine undergo a Chichibabin amination at position 6 leading to 8-
chloro-and 8-(methylthio)adenine. In addition 8-chloropurine gives adenine. 
Evidence is presented that the formation of this product proceeds yja a tele-
amination. 6-tert-Butyl-8-(methylthio)purine and 8-aminopurine are found to be 
unreactive towards potassium amide. 
Introduction 
Purines are in general very susceptible to nucleophilic attack. Under basic 
conditions this reactivity is considerably decreased due to deprotonation of the 
NH group of the imidazole ring. However we recently reported that with the 
strong nucleophile and base potassium amide purine and some of its C-methyl 
3 
derivatives undergo amination to adenine and methyl adenines respectively. It 
seems of interest to study also the behaviour of purines containing a leaving 
group, with potassium amide in liquid ammonia. In this paper we report on the 
reactions of purines, containing a chloro or methylthio group at position 6 or 
8. A systematic study of the reactivity of the monochloropurines with sodium 
4 
ethoxide and pi peri dine has already been published. 
Results and discussion 
Amination of S-methylthio- and 6-ahloropurine 
When 6-(methylthio)purine (la) or 6-chloropurine (lb) reacts with 4 equivalents 
38 
of potassium amide in liquid ammonia at -33 C for 20 h adenine (2) is formed in 
a nearly quantitative yield. By comparison, the reaction of lb with ammonia in 
butanol requires 10 h at 150°C. 
la, X = SCH3 
b, X = Cl 
Since both compounds la and lb will certainly be present as anion under the 
5 5 6 
applied reaction conditions pK (la) = 8.8 and pK (lb) = 7.8, ' the nucleo-
a d o 
phi 1ic attack of the amide ion will take place on the anionic species . When the 
15 
ami nation reactions are carried out with N-labelled potassium amide we found 
labelled adenine (2*) in which the label was present exclusively in the nitrogen 
of the amino group. This was proven by conversion of 2* into hypoxanthine (3) by 
7 15 * 
diazotization and by determining the N-content in 2 and 3 (Table I). From 
these results it is evident that in the formation of 2 from la and from lb no 
Q 
S^(ANRORC) mechanism is involved. The amination probably occurs according to an 
SN(AE) mechanism, involving as intermediate the highly reactive dianionic a-
adduct 4 (X = SCH_, CI ; R = H). These results are in agreement with the obser-
vation that position 6 is the most reactive position for nucleophilic attack in 
2 3 
anionic purines. ' Attempts to detect the intermediate 4 by NMR spectroscopy 
failed. When la or lb was dissolved in liquid ammonia containing potassium amide 
(0.3 - 0.5 mmol of la or lb in 1 ml of liquid ammonia containing 4 - 1 0 equiva-
1 13 lents of potassium amide) the H- and C NMR spectra showed first the formation 
of the anion of la or lb. Then the anion slowly disappears as the reaction 
proceeds. In the spectra the formation of the dianion of 2 is then visible 
(Table II and III). It is remarkable that the 1H- and 1 3C NMR spectra of solu-
tions of adenine (2) in liquid ammonia, containing potassium amide show that the 
dianion of this compound is present in two isomeric forms; also the -NH proton 
can be observed in H NMR (5 = 4.59 and 4.93) as two distinctive signals. This 
is probably due to a restricted rotation around the C(6)-NH bond. The generality 
of this phenomenon will be discussed in more detail in a forthcoming publica-
tion. In the case of la a signal for the methylsulfide anion at 6 = 1.78 (formed 
during the formation of 2) also appears. The H signals could definitively be 
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15 Table I N contents (percentages) of the products obtained in the reaction of 
the starting compounds with N-labelled potassium amide 
products 
starting compound 
adenine hypoxanthine 8"SCH3- 8-SCH3-
adenine (6a) hypoxan-
thine (2) (3) 
6-SChL-purine (la) 
6-Cl-purine (lb) 
8-SCH3-purine (5a) 
8-Cl-purine (5b) 
9.1 
6.3 
9.8 
5.6 
-
-
4.5 
6.7 
0.3 
0.2 
0.0 
0.1 
-
-
0.2 
0.1 
-
-
-
-
4.6 
4.3 
-
-
-
-
-
-
0.1 
0.0 
-
-
The accuracy of the measurements is + 0.2% 
13 
assigned by measuring the 8-deuterio derivatives of la, lb and 2. The C NMR 
absorptions were assigned by comparison of the spectra with those of the neutral 
3 
compounds and the anion of purine. It is of interest to note that in the 
KNHL/NhL system exchange of deuterium at position 8 in 6-ch1oro-8-deuteriopurine 
and 8-deuterio-6-(methylthio)purine is very slow. Since we did not find spec-
troscopic evidence for the presence of 4 the conclusion seems justified that the 
formation of the o-adduct 4 is the rate-determining step, and that the aroma-
tization of 4 into the dianion of 2 by expulsion of the methyl sul fide or chlo-
ride ion is fast. The instability of the a-adduct 4 is in sharp contrast to the 
rather stable o-adduct (4; X = R = H) observed as intermediate in the formation 
of 2 from purine itself. It was concluded that in the amination of purine not 
the formation of 4 (X = R = H) but the aromatization step is rate-determining. 3 
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Table II H NMR data of the mono- and dianions of 6- and 8-substituted purines 
and a-adduots, in liquid ammonia containing potassium amide 
H(2) H(6) H(8) SCH3 
6-Cl-purine (lb) mono anion 8.43 - 8.19 
6-Cl-8-2H-purine 
6-SCH3-purine (la) mono anion 8.56 - 8.11 2.59 
2 6-SCH0-8- H-purine mono anion 8.56 - - 2.59 
adenine (2) 7.64 - 7.34 
7.37 
2 8- H-adenine 
on  
mono anion 
on  
on  
dianion 
dianion 
mono anion 
a-adduct 
mono anion 
o-adduct 
mono anion 
a-adduct 
8.43 
7.53 
7.64 
7.53 
8.55 
6.87 
8.49 
6.95 
8.49 
6.95 
-
_ 
-
_ 
-
8.65 
5.58 
8.57 
5.73 
-
_ 
8-Cl-purine (5b) 
8-SCHL-purine (5a) o  i - 2.67 
2.36 
6-2H-8-SCH3-purine o  i  - 2.67 
2.36 
6-t-C4Hg-8-SCH3-purine* neutral(CDC13) 8.72 - - 2.78 
* the t^ -butyl group appears at 1.57 ppm 
Amination of 8-methylthio- and 8-ahlovopuvine 
When 8-(methylthio)purine (5a) reacts with potassium amide in liquid ammonia at 
-33°C for 20 h 8-(methylthio)adenine (6a) is formed in 80% yield; 20% starting 
material can be recovered. No trace of 8-aminopurine (5c) can be detected. 
41 
a, R = SCH3 ; b, R = Cl, c, R=NH 2 
The structure of 6a was proven by mass spectroscopy, UV spectroscopy and con-
version to adenine by Raney Nickel reduction as described for the removal of 
the methylthio group of 2-(methylthio)adenine . Compound 5a has thus undergone 
3 
a Chichibabin amination at position 6 (just as found for purine ) and not a 
15 
substitution of the methylthio group at position 8. Reaction of 5a with N-
15 * 
labelled potassium amide gave N-labelled 8-(methylthio)adenine (6a ). Diazo-
tization of this product gave unlabelled 8-methylthiohypoxanthine (Table I), 
showing that the formation of 6a from 5a does not proceed via a ring-opening 
1 13 
reaction. Measurement of the H- and C NMR spectra of a solution of 5a in 
liquid ammonia containing potassium amide showed first the presence of the 
anionic species, formed by deprotonation of 5a. Then a a-adduct at position 6 is 
formed (4; X = H; R = SCH_) as has also been observed for purine itself (4; X = 
3 R = H) . That the addition indeed takes place at position 6 was unequivocally 
established by comparison with spectra of 6-deuterio-8-(methylthio)purine (Table 
II and III). The upfield shift of 2.84 ppm for H(6) and of 72.2 pom for C(6) is 
3 
in agreement with values reported in the literature. This result shows that in 
the Chichibabin amination of 5a not the formation of the intermediate a-adduct 4 
3 
(X = H, R = SCH_) is rate determining (even if this intermediate is a dianion ), 
but the aromatization of the dianionic species 4 (X = H, R = SCH,) into 6a. 
The reaction of 8-chloropurine (5b) with potassium amide in liquid ammonia is 
slower than the reaction of 5a and leads to a more complex reaction mixture. 
After 20 h 8-chloroadenine (6b) is formed in 10% yield only. The main product is 
adenine (2, 30%). Besides these two products about 50% of starting material can 
be recovered. No 5c could be detected in this reaction mixture. In order to 
establish whether a ring opening was involved in the formation of 2, the amina-
15 tion was carried out with N-labelled potassium amide. We obtained labelled 
* 7 
adenine (2 ) which on diazotization gave unlabelled hypoxanthine (3), thus 
showing that in the amination of 5b no ring-opening is involved either (Table 
42 
13 Table III C NMR data of the mono- and dianions of 6- and 8-sübstituted 
purines and a-adducts in DMSO d-e and liquid ammonia containing 
potassium amide. 
C(2) C(4) C(5) C(6) C(8) SCH3 
6-Cl-purine (lb) neutral19 151.5 154.2 129.2 147.8 146.2 
anion 147.9 164.7 133.6 144.9 159.0 
6-SCH3-purine (la) neutral19'20 151.6 150.2 129.4 158.6 143.1 11.3 
anion 148.6 160.0 133.7 153.3 156.0 11.5 
6-NH2-purine (2) neutral19,20 152.4 151.3 117.6 155.3 139.3 
dianion 
151.6 156.2 124.3 167.7 146.4 
151.6 157.6 123.4 165.1 146.4 
8-Cl-purine (5b) 
8-SCH3purine (5a) 
6-t-C-HQ-8-SCH,-
. *** 
-purine 
neutral 
anion 
a-adduct 
neutral 
anion 
a-adduct 
neutral 
(CDC13) 
149.5 
149.5 
153.4 
151.1 
148.5 
153.6 
149.3 
158.2 
163.6 
148.3 
158.0 
165.2** 
149.5 
154.5** 
133.2 
137.8 
118.8 
132.0 
138.8 
121.0 
133.1 
140.9 
142.0 
66.5 
141.6 
139.2 
67.0 
166.3 
150.1 
157.5 
132.6 
156.7 
167.9** 
138.6 
153.6** 
-
-
-
13.4 
13.8 
18.7 
14.0 
*In this solvent the neutral species are measured; the anions and a-adducts are 
measured in the KNH^/NH., system 
These assignments can also be interchanged 
***The signals of the 6-tert-butyl group appear at 38.4 and 29.2 ppm. 
The coupling constant for C(2) (JC_H= 202 H Z ) snows tnat tne tert-butyl group 
must be at position 6 
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15 I). We did not investigate the formation of 6b with N-labelled potassium amide 
due to the low yield of 6b, giving not enough material for diazotization. It 
3 
seems justified to assume, based on the results of purine and 5a, that 6b is 
formed through a Chichi babin ami nation of 5b without ring-opening. 
Considering the formation of 2 from 5b several mechanisms can be advanced. The 
first pathway is dehalogenation at position 8 of 5b, followed by protonation at 
C(8), yielding the anionic purine 7, which is known to react to 2 in the 
KNH,/NH, system. Dehalogenation under these strong basic conditions is not 
11 
uncommon. However, since 7 is converted into adenine (2) for only 70% after 20 
3 
h and then unreacted purine can still be recovered, we should expect a detec-
table amount of purine to be present in the reaction mixture obtained on ami na-
tion of 5b, if 2 would be formed via 7. Despite many efforts this compound was 
not found, excluding to our opinion the intermediacy of 7. The second route i.e. 
ami nation of 5b into 6b, which then undergoes dehalogenation, could also be 
ruled out, as an independently prepared specimen of 6b was found to be unreac-
tive with potassium amide after 20 h. From these results we have to conclude 
that 2 is formed through intermediate 8, which can either undergo a 1,4-tele-
elimination into 2 or reacts first into 9 by a 1,2-dehydrochlorination followed 
by aromatization. 
H NH2 
44 
Although examples of tele-ami nation in heterocycles are known in the literatu-
12 
re, the occurence of a tele-ami nation in purines has never been described. 
1 13 
Further evidence for this mechanism was obtained from the H- and C NMR spec-
tra of a solution of 5b in liquid ammonia containing potassium amide. These 
spectra first showed the presence of the deprotonated species of 5b but soon a 
o-adduct at position 6 (4; X = H, R = CI) was observed (indicated by an upfield 
shift of 3.07 ppm for H(6) and of 75.5 ppm for C(6)). Since 8-chloropurine 
1 13 
cannot be deuterated so easily as 8-(methylthio)purine the H- and C NMR 
spectra of the anion of 5b and the a-adduct 4 (X = H, R = CI) were assigned by 
comparison with the spectra of 8-(methylthio)purine (Table II and III). This 
result shows that although the chloro atom at position 8 is involved in the 
reaction, the first attack of the amide ion still takes place at position 6. It 
seems that the initial fast deprotonation of the imidazole ring in 5a as well as 
in 5b enhances the energy barrier for a direct nucleophilic attack on position 8 
in this resonance-stabilized anion considerably, leading to a decreased reacti-
vity for nucleophilic attack, particularly at that position. 
13 We also studied the amination of 6-tert-butyl-8-(methylthio)purine in which 
compound position 6 is now completely blocked against nucleophilic attack. It 
was found that even after 70 h 6-tertbutyl-8-(methylthio)purine is completely 
recovered, strongly suggesting that the reaction at position 8 can only take 
place via the intermediacy of an adduct at position 6. Also 8-aminopurine (5c) 
was found to be unreactive towards potassium amide in liquid ammonia even after 
20 h. Apparently the formation of 6,8-diaminopurine (6c) is effectively hindered 
by the presence of the amino group at position 8, which just as the imidazole 
ring can easily be deprotonated. It is clear that in the dianionic species thus 
formed further nucleophilic substitutions are difficult. 
Experimental Section 
13 1 C- and H NMR spectra were obtained with a Varian XL-100-15 spectrometer, 
equipped with a Varian 620/L16K computer. H NMR spectra were recorded also on a 
Jeol C-60H spectrometer, equipped with a JES-VT-3 variable temperature control-
ler. When measuring in DMSO d-6 internal TMS was used as standard. When measu-
ring in liquid ammonia the sample temperature was ca. -50°C. For C NMR spectra 
trimethylamine was used as internal standard. These spectra were converted to 
13 
the TMS scale by adding 47.5 ppm. Typical C spectral parameters were as fol-
lows: spectral width 5120 Hz, acquisition time 0.8 s, pulse delay 0-1.2 s, pulse 
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width 10 us. For H NMR spectra NH, was used as standard. The spectra were 
15 
converted to the TMS scale by adding 0.95 ppm. Mass spectra and N contents 
were determined on an AEI MS-902 mass spectrometer. IR spectra were obtained 
with a Perkin-Elmer 237 and an Hitachi EPI-G3 and UV spectra with a Beekman Acta 
cm. 
Préparation of starting materials 
6-Chloropurine (lb), 4 , 6 6-(methylthio)purine (la), 1 4 8-chloropurine (5b),15 8-
5 9 
aminopurine (5c) and 8-chloroadenine (6b) were prepared as described in the 
literature. 8-(Methylthio)purine (5a) was purchased from Aldrich and adenine (2) 
15 15 
from Merck. N-Labelled ammonia was prepared by reacting N-labelled ammonium 
nitrate (from VEB Berlin-Chemie) with potassium hydroxide. 
6-tert-Butyl-8-(methylthio)purine. 0.5 g of 8-(methy1thio)purine, 60 mg of 
silver nitrate and 1,8 g of pivalic acid were dissolved in 25 ml of water. 
With stirring at 60°C, 2.1 g of ammonium peroxydisul fate dissolved in 15 ml of 
water were added in 30 min followed by an additional 30 min stirring, while a pH 
of 1.5 was maintained. The solution was made slightly alkaline with aqueous 
sodium hydroxide and extracted continuously with chloroform. The extracts were 
dried (MgSO.) the solvent was evaporated and the residue purified by column 
chromatography on silica gel using chloroform/ethyl acetate 1:1 as eluent, fol-
lowed by recrystallization from toluene/hexane. 
Yield 12%, m.p. 192.5-193.5°C. Anal. Calcd for C1()H14N4S, C, 54.02; H, 6.35, 
Found C, 53.68-, H, 6.84. The structure was proven by H- and C NMR spectros-
copy (see Table II and III). 
Preparation of 6- and 8-deuteriopurines. 6-Chloro-8-deuteriopurine, 8-deuterio-
6-(methylthio)purine and 8-deuterioadenine were obtained by refluxing 6-chloro-
purine (lb), 6-(methylthio)purine (la) and adenine (2) respectively in deuterium 
oxide. The position of deuteration was proven by H NMR spectroscopy. 
6-Deuterio-8-(methylthio)purine was prepared by heating 8-(methylthio)purine 
(5a) for 4 h at 140°C in deuteriumoxide. This method gives in a low yield (10%) 
8-(methylthio)purine containing about 80% deuterium. Refluxing of 5a for 75 h 
with 10% palladium on charcoal as catalyst at 100°C leads to only 20% of deute-
13 
rium incorporation. The position of deuteration was established by C NMR 
spectroscopy, because the assignment of the proton signals was unknown. For NMR 
measurements the deuterium labelled compounds were diluted to about 50% deute-
rium content. 
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Amination procedure. The ami nation procedure was earned out in exactly the same 
3 
manner as described in a previous paper . 
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4 ON THE OCCURENCE OF THE SN(ANRORC) MECHANISM IN THE AMINATION 
OF 2-SUBSTITUTED PURINES WITH POTASSIUM AMIDE IN LIQUID AMMONIA 
Nico J. Kos and Henk C. van der Plas 
The reactions of 2-chloro-, 2-fluoro- and 2-(methy1thio)purine with potassium 
amide in liquid ammonia lead to the formation of 2-aminopurine. When these 
reactions are carried out with N-labeled potassium amide, ring labeled 2-
aminopurine is found. This demonstrates that a ring opening occurs during the 
amination. Formation of an anionic a-adduct at position 6 is proven by low 
temperature NMR spectroscopy, and evidence is obtained for the formation of an 
open chain intermediate, although this intermediate could not be isolated in 
pure state. Reaction of the open-chain intermediate with hydriodic acid gives 
the thus far unknown 2-iodopurine. 2-Chloro-6-phenylpurine also reacts via 
ring-opening into 2-amino-6-phenylpurine. However, 2-chloro-6-methyl- and 2-
chloro-6,8-di-tert-butylpurine are found to be unreactive. 
Introduction 
We have recently found that purine and its derivatives containing a leaving 
group at position 6 or 8 easily undergo amination with potassium amide in 
: is 
2,3 
2 3 liquid ammonia. ' From purine and the 6-substituted purines adenine is obtai-
ned, being formed by an addition-elimination reaction at position 6. 
Interestingly 8-chloro- and 8-(methylthio)purine do not undergo amination at 
position 8, but also at position 6 giving 8-chloroadenine (together with 
adenine) and 8-(methylthio)adenine respectively. These reactions have been 
explained by an initial addition of the amide ion at position 6 leading to a a-
adduct, which undergoes either aromatization into 8-chloro-or 8-(methylthio)-
3 
adenine or an 1,4-tele-elimination into adenine. In principle 2-substituted 
2 3 purines are appropriate compounds to give addition at position 6. ' Therefore, 
these compounds could give 2-aminopurines, via a ring opening (sN(ANR0RC)-
mechanism). In order to prove it several 2-substituted purines were synthe-
sized and their behaviour towards potassium amide was studied. 
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Results and Discussion 
P.-Chloro, ?,-fluoro- and 2-(methylthio)purine 
When 2-chloro-(la) or 2-fluoropurine (lb) reacts with potassium amide in liquid 
2 
ammonia for 20 h and the reaction mixture is worked up as usually 2-aminopuri-
ne (2, R = H) is formed in good yield (80% and 60% respectively). 2-(Methyl-
thio)purine (lc) gives a similar reaction: after 70 h 2-aminopurine (2, R = H) 
is obtained in 90% yield. In contrast la and lc are expected to be unreactive 
5 6 
with aqueous ammonia to give 2 (R = H). ' When the reactions of la-lc are 
followed by TLC, it became evident, that in the reactions of all three purines 
(la - le), a compound is formed, which quickly converts into 2-aminopurine (2, 
R = H) during work up. This precursor of 2 (R = H) is the same in all three 
reactions. This intermediate is not sufficiently stable to be isolated in pure 
state, since conversion into 2 (R = H) takes place during isolation. Therefore 
only an IR spectrum of the mixture of this intermediate and 2-aminopurine could 
be obtained, it showed i.a. an absorption at 2160 cm" , being characteristic 
for the presence of a conjugated N-CN group. This result indicates that this 
intermediate is formed by an opening of the pyrimidine nucleus, which is then 
followed by cyclisation into 2 (R = H). To prove this ring opening the amina-
tion of la - lc was carried out with N-labeled potassium amide. We found that 
in the labeled 2-aminopurine (2*, R = H) the label was present exclusively in 
15 the ring nitrogens; no trace of N was found in the nitrogen of the amino 
group. This was proven by conversion of 2* (R = H) into 2-fluoropurine (3*, R 
7 15 
= H) by diazotization in fluoroboric acid and by determining the N content 
in 2* (R = H) and 3*(R = H) using mass spectrometry (Table I). 
e,R=CéH5. X = Cl 
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Table I N contents (percentages) of the products obtained in the reaction 
15 
of the starting compounds with N-labeled potassium amide 
products 
starting compound 
2-NH2-(6-R-)purine 2-F-(6-R-)purine 
2-Cl-purine (la) 6.2 (5.7) (R-H) 6.4 (5.6) (R=H) 
2-F-purine (lb) 6.0 (5.7) (R=H) 5.8 (5.7) (R=H) 
2-SCH3-purine (lc) 4.1 (5.4) (R=H) 4.3 (5.8) (R-H) 
2-Cl-6-C6H5-purine (le) 6.1 (5.0) (R=C6H5) 5.6 (4.6) (R=CgH5) 
The numbers in brackets refer to duplicate experiments; the accuracy of the 
measurements is + 0.2 %. 
4 
These results show that an SN(ANR0RC)-mechanism operates in the amination of 
la - lc, involving initial addition of the amide ion at position 6 in the 
deprotonated purine, giving a dianionic a-adduct (4, R = H), that can undergo 
Q 
a ring opening into intermediate 5 (R = H). This intermediate 5 (R = H) is 
stable in the potassium amide/liquid ammonia solution. Addition of ammonium 
sulfate (necessary to neutralize the potassium amide), gives the neutral 
species 6 (R = H) in which cyclisation of the side chain occurs by an attack of 
the imino group on the carbon atom of the cyanamino group. 
Addition of the amide ion at position 6 in the purine anion is in full agree-
2 3 
ment with earlier observations. ' Additional evidence for addition at position 
6 was obtained by H NMR spectroscopy. A solution of la - lc in liquid ammonia 
containing potassium amide (0.15 - 0.5 mmol of la - lc in 1 ml of liquid 
ammonia containing 4-10 equivalents of potassium amide) showed first the 
formation of the anion of la - lc, then the formation of a (very short lived) 
a-adduct as indicated by upfield shifts of 2.4 - 3.0 ppm for one of the hydro-
2 3 gens ' (Table II). Comparison with the spectra of solutions of 2-chloro-8-
deuterio- and 8-deuterio-2-(methylthio)purine in KNH2/NH3 proves that the a-
adduct formation takes place at position 6. In the solution of lc after some 
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KNHÎ 
XX) ^ 
HCL 
R NH2 
ia 
N=C-N 
time a signal appeared at 1.78 ppm assigned to SCHg, formed during the conver-
sion of 4 (R = H, X = SCH3) into 5 (R = H), The observation that the interme-
diates obtained from la - lc are identical on TLC, indicates that also in case 
of la and lb the formation of 5 occurs with loss of Cl" or F" respectively. It 
is interesting to note that 2-fluoropurine (lb) exclusively reacts via a ring 
opening mechanism into 2-aminopurine (2, R = H), since there are several 
amino-defluorinations reported in the literature in which the SN(AE) mechanism 
4 9 is a more important pathway than the SN(ANRORC)-mechanism. ' The fact that 2-
chloropurine reacts via an SN(ANRORC)-mechanism into 2-aminopurine gives 
support to the suggestion that the reaction of 2-chloro-7-methyladenine with 
sodium hydroxide leading to the formation of 2-amino-6-hydroxy-7-methylpurine 
also proceeds via this mechanism, although an intermediate could never be 
identified.10'11 
Q 
Reaction of 6 (R = H) with cone, hydrochloric acid yields 2-chloropurine (la, 
87%) while 2-bromopurine (7, R = H, 55%) and 2-iodopurine (8, R = H, 50%) are 
formed with hydrobromic and hydriodic acid respectively. Specially the prepa-
12 
ration of 2-iodopurine is of interest as this compound was unknown till now. 
Reaction of 6 (R = H) with hydrofluoric acid gave no 2-fluoropurine, but only 
2-aminopurine. This can be explained by the lower nucleophilicity of the fluoride 
ion in comparison with the other halogen ions. Compound 6 obtained in a reac-
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Table II H-NMR data (6 values) of 2-substituted purines in liquid ammonia 
containing potassium amide 
H-6 H-8 SCH3 
2-Cl-purine (la) anion 8.61 8.11 
6.85 
2-Cl-8-D-purine 
2-F-purine (lb) anion 8.54 8.08 
6.73 
adduct 
anion 
adduct 
adduct 
anion 
adduct 
anion 
adduct 
dianion 
5.62 
8.61 
5.62 
6.08 
8.66 
6.23 
8.66 
6.23 
2-SCH3-purine (lc) 66 8.03 2.57 
6.98 2.35 
2-SCH3-8-D-purine 66 - 2.57 
2.35 
SCH~ - - 1.78 
2-Cl-6-CH3-purine (Id) dianion* 6.97 
* A CH^ signal appeared as two doublets (3.06 and 3.21 ppm, J = 3 Hz). 
15 tion with N-labeled potassium amide gave after treatment with hydrochloric 
acid 2-chloropurine (la) in which no label was found. 
2-Aminopurine 
The fact that 2-methylpurine reacts with potassium amide to give 2-methylade-
nine, induced us to react 2-aminopurine (2, R = H) with potassium amide in 
liquid ammonia with the aim to synthesize 2,6-diaminopurine. Even after 20 h we 
found no product; 2-aminopurine could be recovered quantitatively. This indica-
tes that in contrast to 2-methylpurine both the NHp-group as well as the imida-
zole ring in 2-aminopurine are deprotonated yielding a dianion i.e. a species 
in which position 6 is effectively deactivated for nucleophilic attack. 
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2-Chloro-6-substituted purines 
The influence of a substituent at position 6 in 2-chloropurines on the mecha-
nism of the amino-dechlorination was also studied. If addition of the amide ion 
at position 6 is retarded or even prohibited by the presence of the substi-
tuent, the replacement of the chloro atom by the amino group might occur partly 
or completely via the alternative SN(AE)-mechanism. 
Reaction of 2-chloro-6-methylpurine (Id) with potassium amide in liquid ammonia 
gave after 70 h 6-methylpurine (10%) besides starting material (90%). We ex-
plain the absence of a 2-amino compound by the formation of a dianion through 
2 
proton abstraction of both the NH in the imidazole ring and the methyl group. 
This dianion is highly deactivated towards nucleophilic attack. An H NMR 
spectrum of Id dissolved in liquid ammonia containing potassium amide indeed 
showed the presence of a dianion as illustrated i.a. by the appearance of the 
2 CH9 signal as two doublets (Table II). The formation of 6-methylpurine is due 
13 to dehalogenation, not unprecedented in a strongly basic medium. We also 
studied the amination of 2-chloro-6-phenylpurine (le). This coumpound can only 
give a monoanion and therefore can be expected to react "easier" than la with 
potassium amide. After 70 h we indeed isolated 2-amino-6-phenylpurine (2, R = 
CcHj.) in a yield of 80% besides 20% of starting material. When the reaction was 
15 
carried out with N-labeled potassium amide we obtained labeled 2-amino-6-
* 7 
phenylpurine (2 , R = CgFL), which by diazotization yielded 2-fluoro-6-phenyl-
purine (3*. R = CgH5), containing all the 15N-label (Table I). This shows that 
the formation of 2 (R = CgHg) from le has proceeded via an SN(ANR0RC)-mechanism 
(> 90%). Thus despite the presence of a "bulky" group at position 6, the addi-
tion takes place at that position. Addition of an amide ion to a position being 
9 14 
substituted by a phenylgroup is not unprecedented. ' Finally we tested whe-
ther the more voluminous tert-butyl group at position 6 could change the mecha-
nism of the amination from SN(ANR0RC) to S.,(AE). 2-Ch1oro-6,8-di-tert-butyl-
purine was synthesized, but found to be unreactive, even after 70 h. The same 
result was reported with 6,8-di-tert-butylpurine. Summarizing all the resuTts 
obtained thus far we have to conclude that a direct attack of the amide ion at 
position 2 does not take place even when a leaving group is present at that 
position. Since we have already shown that also position 8 is completely unreac-
tive towards potassium amide, the conclusion seems justified that a purine 
derivative that gives a monoanion by deprotonation of the imidazole ring under 
influence of the amide ion, only reacts with the amide ion at position 6. These 
experimental results are in agreement with data, given in the literature, 
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showing that in anionic purines position 6 is more reactive than position 2 or 
8 (See ref. 12). 
Experimental Section 
1 -3 1 
C and H NMR spectra were obtained with a Varian XL-100-15 spectrometer, 
equipped with a Varian 620/L16K computer. H NMR spectra were recorded also on 
a Jeol C-60H spectrometer, equipped with a JES-VT-3 variable temperature 
controller. When measuring in DMSO d-6 internal TMS was used as standard. When 
measuring in liquid ammonia the sample temperature was ca. -50°C and NH, was 
used as standard. The spectra were converted to the TMS scale by adding 0.95 
15 
ppm. Mass spectra and N contents were determined on an AEI MS-902 mass spec-
trometer. IR spectra were obtained with a Perkin-Elmer 237 and an Hitachi EPI-
G3 and UV spectra with a Beekman Acta CIII. 
Preparation of Starting Materials 
2-Aminopurine (2, R = H) was purchased from Sigma. 2-Chloropurine (la) ' and 
2-fluoropurine (lb) were prepared as described in the literature. 2-(Methyl-
thio)purine (lc) and 2-chloro-6-methylpurine (Id) were prepared by reacting 2-
methylthio-4,5-diaminopyrimidine and 2-chloro-4,5-diamino-6-methylpyrimidine 
1 C 1 Q 
respectively with diethoxymethylacetate. ' 
2-Chloro-6-phenylpurine (le). 2-Chloro-4,5-diamino-6-phenylpyrimidine (0.35 
18 g) was refluxed in 10 ml of diethoxymethylacetate for 3 h. The solvent was 
evaporated in vacuo and the residue recrystallized from ethanol; yield 60%, mp 
273-274°C. Anal. Calcd. for C nH 7ClN 4: C, 57.28; H, 3.06. Found: C, 57.23; H, 
3.06. 
2-chloro-6,8-di-tert-butylpurine. 2-Chloropurine (650 mg), 150 mg of silver 
19 
nitrate and 5.5 g of pivalic acid were dissolved in water (25 ml). With 
stirring 15 g of ammoniumperoxydisul fate dissolved in 30 ml of water were added 
at 75°C in 30 min, followed by an additional 30 min stirring. The solution was 
made alkaline with aqueous sodium hydroxide and extracted with chloroform. The 
extracts were dried (MgSO-), the solvent was evaporated and the residue recry-
stallized from hexane or aqueous methanol followed by sublimation at 0.1 mm, 
yield 60%, mp 179-180°C. Anal. Calcd. for C13HigClN4: C, 58.53; H, 7.18. Found: 
C, 58.64; H, 7.17. 
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2-iodopurine. The crude product obtained by reaction of 2-chloropurine or 2-
(methylthio)purine with potassium amide (reaction time 25 and 70 h respecti-
vely), subsequent treatment with ammonium sulfate and evaporation of the 
ammonia was immediately treated with 47% hydriodic acid for lh. The solution 
was neutralized with aqueous sodium hydroxide and continuously extracted with 
ethylacetate. Two recrystallizations from water yielded pure 2-iodopurine 
(50«), mp 233-236°C. Anal. Calcd. for C ^ J N ^ C, 24.41; H, 1.23. Found: C, 
24.38; H, 1.08. The crude product mentioned above yielded 2-chloropurine (87%) 
with 36% hydrochloric acid and 2-bromopurine (55%) when 47% hydrobromic acid 
was used. The identity of the 2-chloro and 2-bromopurine was established by UV 
and mass spectrometry. 
Preparation of 8-deuteriopurines. 2-Chloro-8-deuteriopurine and 8deuterio-2-
(methylthio)purine were obtained by refluxing 2-chloropurine and 2-(methyl-
2 3 20 thio)purine respectively for 4 h in deuterium oxide. ' ' The position of 
21 22 deuteration was proven by NMR spectroscopy. ' For NMR measurements the 
deuterium labeled compounds were diluted to about 50% deuterium content. 
Amination Procedure. The amination reactions were carried out in exactly the 
2 
same manner as described in a previous paper. The amination of the compounds 
la-Id gave known products. However from le 2-amino-6-phenylpurine (2, R = CgHg) 
mp 257-259°C was obtained. The structure of this product was proven by H NMR: 
(CDC13/CD30D): 6 7.98 (s, 1H); 7.49 and 8.36 (m, 5H); 13C NMR (Me2S0-d6): C-2, 
160.3; C-4, 155.8; C-5, 123.7; C-6, 153.0; C-8, 140.9 (J = 210 Hz); C^, 
128.3, 129.1, 130.4 and 136.3 ppm. UV, *max(CH30H) 331 nm; Anal. Calcd. for 
C nH gN 5: C, 62.54; H, 4.30. Found: C, 62.28; H, 4.24. 
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DEAMINATION OF 6-AMINO- AND 6-(ALKYLAMINO)-9-ALKYLPURINES AND 
DCMCTHYlATtON OF METHYLTHIOPURtNES BY SODIUM IN LIQUID 
AMMONIA 
Nico J . Kos and Henk C.van der Plas 
6-Amino- and 6-(alkylamino) purines, having an a lky l substi tuent at posi t ion 9, 
deaminate when treated with sodium in l i qu id ammonia. The reaction involves a 
6-amino-l ,6-dihydro-9-alkylpurine as intermediate, as proved by H NMR spectros-
copy. Sodium in l i qu i d ammonia can also be used to demethylate 6- and 8-methyl-
thiopur ines. 
Introduct ion 
Several reagents have been usefu l ly applied fo r the reduction of a C=N bond in 
purines. With sodium borohydride reduction can occur at d i f f e ren t pos i t ions. 
When th is reagent is used for the reduction of 7- or 9-alkylchloropurines i t 
has been reported to occur without loss of the chloro atom. Treatment of t h i o -
purines wi th Raney nickel cata lyst gives besides desul fur izat ion also reduction 
3 8 
of the purine r i n g , y ie ld ing dihydropurines. Electrochemical methods ' and 
hydrogénation on metal catalysts have also been appl ied, but the second method 
9 frequently leads to r ing opening. Sodium in l i q u i d ammonia as reducing agent 
in purine chemistry has been reported for removing benzyl groups from N- and 
3 
S-benzyl purines. 
Results and Discussion 
We found that on treatment of 6-amino-9-methylpurine (1) with sodium in l i q u i d 
ammonia and subsequent addi t ion of ammonium sulphate ( to quench the reaction 
mixture) 9-methylpurine (3) was obtained in a y i e l d of about 452.(Table I I , 
Scheme I ) . This y i e l d did not considerably improve by increasing the reaction 
t ime, by addi t ion of the proton donor ethanol or by using tetrahydrofuran or 
d iethylether as cosolvent, although with d iethylether less by-products are form-
ed. Replacement of sodium by l i th ium or potassium gave i n f e r i o r resu l t s . This 
simple method to replace the amino group at posi t ion 6 i n 9-alkylpurines by a 
hydrogen atom is synthet ica l ly use fu l , since up to now deamination could only 
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be effected by diazotization. 
We assume that the first step in the conversion of 1 into 3 involves reduction 
of the N(l) - C(6) bond to give as intermediate the anion of 1,6-dihydropurine 
(2a) or its conjugate acid (2b). Loss of the amide ion from 2a or ammonia from 
2b yields 3 (Scheme I ) . 1 1 
H NH2 
Na/NH3 
H NH2 
We found H NMR spectroscopic evidence for the intermediary existence of 2, since 
the spectrum of the reaction mixture, obtained by adding sodium to a solution 
of 1 in liquid ammonia in such an amount that the blue color just disappears 
(thus without quenching of this solution with ammonium sulphate) displayed besides 
signals of the starting material the presence of a triplet at 5.62 ppm (Table I), 
being characteristic for the H(6) in intermediate 2. 
This chemical shift is nearly the same as found previously for the H(6) singlet 
in the o-adduct 4 (X=H; 5.75 ppm) formed when purine is dissolved in liquid 
12 
ammonia containing an excess of potassium amide. 
That the H(6) signal at 5,62 ppm in 2 is present as a triplet, while in the c-
adduct 4 (X=H) this signal appears as a singlet is due to the fact that during 
the formation of 2 only a small amount of sodium amide is formed, while the 
formation of 4 (X=H) occurs in the presence of an excess of potassium amide, 
leading to a rapid exchange of the hydrogen of the amino group. 
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Table I. H NMR data (& values) in liquid amnonia 
H-2 H-6 H-8 CH3 
ó-NH2-9-CH3-purine (1) 
6-NH2-8-D-9-CH3-purine 
1,6-dihydro-6-NH2-9-CH3-purine (2) 
l,6-dihydro-6-NH2-8-D-9-CH3-purine 
l,6-dihydro-6-NH2-purinide (4, X=H)b 
7.72 
7.72 
7.08 
7.08 
6.95 
- 7.68 
-
5.62a 7.01 
5.62a -
5.75e 6.83 
3.67 
3.67 
3.43 
3.43 
-
a
 triplet (J= 7 Hz) 
h 19 
obtained on dissolving purine in KNtWNH, 
c
 singlet 
In 2 this rapid exchange does not take place and a coupling of H(6) with the 
12 protons of the amino group is now observed. 
Also the upfield shifts of the signals for H(2) and H(8)are in agreement with 
12 the formation of intermediate 2. That the signal of 7.08 ppm is correctly 
assigned to H(2) and that of 7.01 ppm to H(8) was proved by synthesizing 6-amino-
8-deuterio-9-methylpurine and comparing the H NMR spectrum of the deuterium 
intermediate obtained after treatment with sodium in liquid ammonia with that 
of the protium derivative 2. These results show clearly that the deamination 
reaction proceeds via a reduction of the N(l) - C(6) bond followed by elimina-
tion. The elimination reaction takes place on quenching with ammonium sulphate, 
which explains why 3 can be isolated in reasonable yield, although it is not 
stable in liquid ammonia, containing potassium amide. 
The successful deamination of 1 into 3 induced us to investigate the scope of 
this reaction. We attempted to deaminate adenine into purine, but found that 
adenine does not react. Apparently the presence of an alkyl group at position 9 
13 is necessary for a successful deamination. However, when we reacted 6-amino-
9-[ 2'-tetrahydropyranyf] purine with sodium in liquid ammonia, 9-[2'-tetra-
hydropyranyljpurine was obtained. Acid hydrolysis gave purine. 
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We also found that deamination of adenosine into nebularine does not occur, but 
that the reductive removal of the amino group from 2',3'-0-isopropylidene 
adenosine into 2',3'-0-isopropylidene nebularine easily takes place. Reductive 
removal is not confined to the amino group, but substituted amino groups too 
are found to be easily replaced by hydrogen; reduction of 6-methylamino-9-
methylpurine and 6-dimethylamino-9-methylpurine gave 9-methylpurine. The direct 
replacement of a substituted amino group by hydrogen has not been described 
before, since diazotization cannot be applied with substituted amino groups. 
Table II. Reaction procedures and yields for the reduction of purines 
starting compound product reaction diethyl Yield 
time ether %a 
(min) added 
6-NH2-9-CH3-purine (1) 9-CH,-purine 
6-NH2-9- \2 ' -tetrahydropyranylj 9-1_2 ' -tetrahydropyranylj 
purine purine 
30 
60 
120 
30 
30 
-
-
-
+ 
+ 
45 
46 
43 
40 
40 
pun 
2 ' ,3 ' -0- isopropyl idene 
adenosine 
6-NHCH3-9-CH3-purine 
6-N(CH3)2-9-CH3-purine 
2-Cl-6-NH2-9-CH3-purine 
2-0CH3-6-NH2-9-CH3-purine 
2,6-di-NH2-9-CH3-purine 
6-SCH3-purine 
8-SCHU-purine 
8-SCH3-9-CH3-purine 
pur 
2',3'-0-isopropylidene 
nebularine 
9-CH3~purine 
9-CH3-purine 
6-NH2-9-CH3-purinec 
2-0CH3-9-CH3-purine 
2-NH2-9-CH3-purine 
6-SH-purine 
8-SH-purine 
8-SH-9-CH3-purine 
30 63L 
30 
60 
15 
30 
30 
30 
30 
10 
5 
5 
-
-
+ 
+ 
+ 
+ 
+ 
-
-
-
42 
40 
53 
55 
47 
60 
60 
40 
100 
100 
Due to the small scale of the preparation, the yields were determined in 
b duplicate by NMR spectroscopy of the reaction mixture. 
On a larger scale (250 mg) the yield was only 25%. 
d Besides some 9-CH3-purine. 
For this compound the yield could not be determined by NMR spectroscopy due 
to the formation of byproducts. Therefore we have given the isolated yield. 
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15 
From our ami nation studies with purines , containing a leaving group at posi-
tion 2, it has unequivocally been established that these compounds undergo an 
initial adduct formation at position 6, yielding a 6-amino-l,6-dihydropurine 
(4, X=C1, F, SCH,). This adduct undergoes a ring opening reaction, leading to 
an open-chain intermediate that gives ring closure into 2-aminopurine 
(SN(ANR0RC) mechanism). 
Since in this paper it has been shown that a 6-amino-l,6-dihydropurine can also 
be obtained by reduction of a 6-aminopurine, we became interested in the 
behaviour of 6-aminopurines, containing at position 2 a leaving group i.e. 5. 
It is possible that on reduction of compound 5 intermediate 6 is obtained which 
then may undergo a ring opening - ring closure sequence affording 2-amino-9-
methylpurine 8 (5 •+- 6 -+ 8; Scheme III). 
-HX 
On treatment of 6-amino-2-chloro-9-methylpurine (5, X=C1) with sodium in liquid 
ammonia, it was observed that the halogen atom was very quickly lost, giving 
6-amino-9-methylpurine, which yielded on further reduction 9-methylpurine. 
Reduction of 6-amino-2-methoxy-9-methylpurine (5, X=0CH3) gave 2-methoxy-9-
methylpurine (7, X=0CH3) as sole product. No trace of 2-amino-9-methylpurine 
(8) was found. The conclusion is evident: no ring opening has occurred, but 
only elimination of amide ion (5 + 6 + 7; X=0CH,). It is interesting that reduc-
tion of 2,6-diamino-9-methylpurine (5, X=NH~) selectively removes the amino 
group from position 6, yielding 2-amino-9-methylpurine (7, X=NH~ or 8). This 
product is very likely formed via elimination of ammonia from N(l) - C(6) 
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[route (5 -*- 6 ->• 7; X=NH2)] . 
All the results mentioned before clearly indicate that it is the amino group 
at position 6 and not at position 2, which can be reductively removed. This 
result can be understood in the light of the fact that the introductory step 
in the reductive deamination is the addition of the nucleophilic hydride ion 
and that the purine ring favours addition at position 6. 
Attempts to perform reductive removal of methoxy and methylthio groups from 
position 6 in 9-methylpurines failed ; 6-methoxy-9-methylpurine and 6-methyl-
thio-9-methylpurine could not be converted into 9-methylpurine. 
However, 8-methylthio-9-methylpurine was found to undergo a S-demethylation 
into 7,8-dihydro-8-thio-9-methylpurine (Table II). This reaction proceeded 
quickly and quantitatively. Also 6-methylthiopurine and 8-methylthiopurine 
could successfully be demethylated. These reactions are of preparative interest 
since a similar conversion has only been effected in a few cases, using 
3 
hydrogen sulphide or phosphorus pentasulphide. 
Experimental Section 
H NMR spectra were obtained with a Varian EM 390 or an Hitachi Perkin-Elmer 
R-24B (60 MHz) using Me,Si as internal standard. When measuring in liquid 
ammonia the sample temperature was ca. -50°C and NH-, was used as standard. 
The spectra were converted to the Me-Si scale by adding 0.95 ppm. Mass spectra 
15 
and N contents were determined on an AEI MS-902 mass spectrometer. UV spectra 
were obtained with a Beekman Acta C III and a Perkin Elmer 550. Melting points 
are uncorrected. 
Preparation of starting materials 
5-Methylthiopurine and 8-methylthiopurine are commercially available. 6-Amino-
17 18 18 
9-methylpurine , 6-methylamino-9-methylpurine , 6-dimethylamino-9-methylpurine , 
r T 19 20 
6-amino-9-I 2'-tetrahydropyranylJ purine , 2',3'-0-isopropylidene adenosine , 
21 22 
6-amino-2-chloro-9-methylpurine , 6-methylthio-9-methylpurine , 6-methoxy-9-
18 23 
methyl purine and 8-methylthio-9-methylpurine were prepared according to 
procedures as described in the literature. 
6-Amino-8-deutero-9-methylpurine was obtained by refluxing 6-amino-9-methyl-
24 purine in an excess of deuterium oxide. 95% of deuterium was incorporated at 
position 8, as established by H NMR spectroscopy. 
9-Methylpurine (3). Methylation of purine with tetramethylammoniumhydroxide gave 
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a mixture of 7- and 9-methylpurine. Separation by column chromatography on 
silica gel using 10% methanol in chloroform as eluent gave 7-methylpurine 
(yield 24%) and 9-methylpurine (12%). 
25 
iljü-Diumino-9-methylpurïne (b, X~NH0) . Method I. 2,6-Dichloro-9-methylpurine 
was heated with ethanolic ammonia in a sealed tube for 24 h at 160 C. The 
residue obtained after evaporation of the reaction mixture in vacuo, was washed 
with water and purified by column chromatography on silica gel, using 15% of 
methanol in chloroform as eluent, yield 50% (recrystallized from water). 
Anal.Calcd. for CgHgNgi C, 43.89; H, 4.91. Found: C, 44.12; H, 4.97. 
Method II. Methylation of 2,6-diaminopurine with tetramethylammoniumhydroxide, 
sublimation at 260°C and 0.06 mm gave, after purification by column chromato-
graphy, 2,6-diamino-9-methylpurine, yield 30%. 
ü-Amino-2-methoxy-9-methylpurine (5, X=OCHj. Sublimation of 6-amino-2-methoxy-
purine with tetramethylammoniumhydroxide (260°C and 0.06 mm) gave a reaction 
mixture that after purification by column chromatography (silica gel, 10% 
methanol in chloroform) gave in a yield of 20% 5 (X=0CH,), being identical with 
26 the product prepared according to the procedure described in the literature. 
General reduction procedure 
15 mL of dry liquid ammonia (destilled from potassium) was condensed and, if 
necessary, 10 mL of dry diethylether was added. 50 mg of the starting material 
was introduced while stirring. Small pieces of sodium were added to maintain a 
blue color during the reaction. The reaction mixture was quenched with ammonium 
sulphate, the ammonia was evaporated and the residue was extracted with a 
mixture of chloroform and methanol. Separation of the products could be achieved 
by column chromatography or preparative T.L.C. with mixtures of chloroform and 
methanol as eluent. All reaction products being formed and isolated were known 
compounds except 2-methoxy-9-methylpurine (structure proven by H NMR, (Me^SO-d^ 
6 3.72 (s, NCH,), 3.93 (s, OCH,), 8.26 (s) and 8.79 (s), mass spectroscopy and 
27 
comparison of the UV spectrum with that of 2-ethoxy-9-methylpurine (pH 1, 
xm:w= 282 nml PH 7> xm=.v = 280 n m ) . m-P- 140.5-142.5°C, exact mass, calcd. for 
(Da A (Ma X 
C7HgN40 164.0698; found 164.0703). 
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6 AN NMR INVESTIGATION OF THE GEOMETRICAL ISOMERISM IN 
THE ANIONS OF AROMATIC AMINO COMPOUNDS 
Nico J.Kos, Koos Breuker, Henk C.van der Plas and Beb van Veldhuizen 
The NMR spectra of the anions of 2-, 6- and 8-aminopurines, 2- and 4-amino-
pyrimidines, 3- and 4-aminopyridazines, aminopyrazine, 2-aminopyridine, aniline 
and its £-methyl derivative in liquid ammonia containing potassium amide at 
low temperature show the presence of two geometrical isomers, due to restricted 
rotation of the deprotonated amino group. The occurrence of coalescence has 
been observed with aminopyrazine and ^-methylaniline. 
Introduction 
The phenomenon of hindered rotation in N-substituted imines is known for many 
years; it even occurs in diphenyl ketimine, although only at very low tempera-
ture . Recently, geometrical isomers of aromatic amines were found to exist at 
2-7 low temperatures . This observation evidences the contribution of mesomeric 
structures in which the carbon-nitrogen bond has double bond character. Based 
on these results one has to expect the occurrence of geometrical isomerism in 
the anions of aromatic amines, since derealization of the negative charge in 
the aromatic ring will enhance the double bond character of the carbon-nitrogen 
bond considerably. This has indeed been observed for the anion of N-methyl-
2,4,6-trinitroaniline in dimethyl sulfoxide (as indicated by the non-equivalence 
of H-3 and H-5) , the anion of 2-(methylamino) pyrimidine (non-equivalence of 
g 
H-4 and H-6) and in the dianion of adenine ( in which two different NH protons 
are present) . 
However, H NMR spectra of aminopyrazine , 2-aminopyridine and several 
12 
anilines in liquid ammonia containing potassium amide do not indicate the 
existence of separate isomers. It is possible that in the strong basic medium 
a fast isomerization takes place, preventing the detection of the separate 
geometrical isomers. The non-equivalence of hydrogen atoms in a substituent has 
9 13 
been found for the CH? group in the dianion of 6-methylpurine and in the 
14 14 11 
anions of 4-methylpyrimidine , 4-methyl-5-bromopyrimidine , 2-methylpyridine 
and methylpyrazine , generated in liquid ammonia containing potassium amide. 
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Results and Discussion 
A. Aminopurines 
The H NMR spectrum of a solution of adenine in liquid ammonia containing 
potassium amide shows three sets of two signals (Table I) of which two sets are 
assigned to aromatic hydrogens and the set of two broad signals to the NH~ 
group . 
The assignments of two sets of aromatic hydrogens are made by comparison of the 
H NMR spectrum with that of 8-deuterioadenine under identical conditions. 
Table I. H NMR data of the dianions of some aminopurines in liquid 
ammonia containing potassium amide at -SO C a 
Dianion of 
adenine (1) 
8-chloroadenine (3) 
2-aminopurine (4) 
8-aminopurine (5) 
H-2 
7.53 
7.64 
7.42 
7.53 
-
-
7.18b 
H-6 
-
-
-
-
7.94 
8.00 
7.63b 
H-8 
7.37 
7.34 
-
-
7.38 
7.38 
-
N-H 
4.59 
4.93 
4.49 
4.75 
3.83 
3.69 
3.90 
isomer 
distribution 
65% 
35% 
65% 
35% 
75% 
25% 
-
Chemical shifts in ppm relative to Me.Si ( 6 = 0 ppm) 
These assignments can also be interchanged 
H;N NHj 
la lb 
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The spectra can only be explained if one assumes the presence of dianion 1 
g 
(obtained by deprotonation of both the N - H and the NhL group) in two distinct 
geometrical isomers (structures la and lb). Due to derealization of the nega-
tive charge on the amino nitrogen atom over the purine ring the double bond 
character of the Cß - N bond is enhanced, resulting in restricted rotation and 
the formation of la and lb. The presence of both isomers shows that in this 
basic medium the isomerization and proton exchange are slow (on the NMR time 
scale). From the H NMR data it could be established that the two geometrical 
isomers la and lb are present in the ratio 65:35. Which isomer is the more 
abundant one has not been determined. This ratio is found to be independent of 
the potassium amide concentration, ranging from 1.5 to 4 equivalents. 
13 The existence of the two geometrical isomers la and lb is confirmed by C NMR 
spectroscopy (Table II). In the decoupled spectrum of a solution of adenine in 
KNH2/NH3 all signals except the ones for C-2 and C-8 appear double. All signals 
can be assigned unambiguously by comparison of the spectrum with that of 
deuterioadenine and with literature data. 
Table II. C NMR data of the dianion of adenine (1) in liquid 
ammonia containing potassium amide at -50 C 
Dianion of C-2 C-4 C-5 C-6 C-8 
adenine ( 1 ) 1 5 1 . 6 157.6b 123.4b 165.lb 146.4 
151.6 156.2 124.3 167.7 146.4 
a
 Chemical shifts in ppm relative to Me.Si ( 6 = 0 ppm) 
More abundant isomer 
That the double signals for C-2 as well as for C-8 coincide is proven by selec-
tive decoupling. Since the H NMR spectral data had shown the isomer ratio 65:35, 
13 the set of C signals with the greater intensities is assigned to the more 
abundant isomer. 
An attempt to confirm the geometrical isomerism by measuring the coalescence of 
the H NMR signals with increasing temperature, failed. On allowing the tempera-
ture of the solution of the dianion to rise from -50°C up to 15 C in a sealed 
tube the signals are broadened and the isomer ratio (calculated from the H NMR 
spectrum) changes from 65:35 to 50:50. We could not measure an average spectrum. 
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We have ascertained that the signals observed in the NMR spectra are not 
originated from the a-adduct 2, possibly formed by attack of the amide ion on 
C-6 in the monoanion of adenine. Adduct formation in purines is known to occur 
at position 6 ' and adduct formation at a position already occupied by an 
amino group cannot be excluded either (for example the ring transformation of 
15 4-amino-2-bromoquinoline into 4-amino-2-methylquinazoline ). Therefore we 
15 
reacted adenine with N labelled potassium amide. If adduct 2 should be formed, 
15 it would lead to incorporation of N in recovered adenine. Since in our 
15 
experiment no N label could be found in the recovered adenine (mass spectro-
metry), we exclude the intermediacy of adduct 2. 
The dianion of 8-chloroadenine (3) and that of 2-aminopurine (4) also show the 
presence of two isomers in the H NMR spectrum (Table I). For 3 the isomer ratio 
(65:35) is the same as for adenine ; for 4 a ratio of 75:25 was found. The signal 
assignment of 4 was based on comparison of the signals with those of 2-amino-8-
deuteriopurine. 
No double signals are detected in the H NMR spectrum of the dianion of 8-amino-
purine (5). That we are dealing with a dianion and not with a monoanion was 
shown by integration, indicating the presence of only one aminohydrogen. This 
result does not justify the conclusion that only one geometrical isomer is 
present, since the symmetry in the imidazole part of this dianion may lead to 
spectral coincidence of both isomers. 
Ô 0 
7« 7b 
B. Aminopyvazine, 2-amtnopyvidine
 a aminopyridazines and aminopyrimidines 
The H NMR spectra of the anion of aminopyrazine (6) as well as of 2-amino-
pyridine (7) in liquid ammonia containing potassium amide were previously 
11 
reported without specifying the temperature at which the spectra were measured . 
The occurrence of geometrical isomers was not mentioned. 
We observed, however, that when the H NMR spectra of the anions of these amino 
compounds are measured at -50°C, the anion 6 exists as a mixture of two geometri-
cal isomers in a ratio of 65:35. 
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Table III. H NMR data of the anions of some monocyclic aromatic amines 
in liquid ammonia containing potassium amide at -50°(r 
Anion of 
aminopyrazine (6) 
2-aminopyridine (7) 
3-anrino-6-methyl-
pyridazine (8) 
4-aminopyridazine (9) 
2-amino-4-phenyl-
pyrimidine (10) 
4-aminopyrimidine (11) 
4-methylaniline (12) 
2,4-dimethylaniline (13) 
H-2 
-
-
-
-
-
-
-
; 
7.67 
7.82 
5.80 
-
H-3 
7.25 
7.14 
5.73 
5.82 
; 
7.76b 
7.90b 
-
-
-
6.40 
6.46 
d 
H-4 
-
-
6.70 
6.62 
6.12 
6.09 
-
-
— 
-
-
-
-
H-5 
6.57 
6.63 
5.49 
5.42 
6.40 
6.42 
5.88b 
5.72b 
6.10 
6.10 
5.81 
5.78 
6.32 
6.43 
6.28 
H-6 
7.17 
7.31 
7.45 
7.32 
-
7.62b 
7.54b 
7.75 
7.75 
7.24 
7.24 
5.94 
6.05 
5.84 
N-H 
4.47 
4.25 
3.90 
4.22 
4.30 
3.72 
4.45 
4.45 
4.70 
4.76 
4.80 
4.74 
2.92 
2.70 
3.09 
isomer 
distribution 
657» 
35% 
55% 
45% 
70% 
30% 
50% 
50% 
50% 
50% 
70% 
30% 
c 
85% 
15% 
a
 Chemical shifts in ppm relative to Me.Si ( 6 = 0 ppm) 
In these cases it cannot be decided which signals belong to one isomer 
c
 Symmetric molecule 
Not observable 
Raising the temperature gradually changes this ratio to 50:50 at 0°C and 
finally results in incomplete coalescence at +20°C. Cooling to -50°C restores 
the 65:35 ratio, proving that the isomers are in thermodynamic equilibrium. 
Comparison of these results with those of adenine, where at room temperature 
no coalescence is observed for the dianion of adenine (1) (see section A ) , 
indicates that the stabilization of the negative charge in 6 is less than 
in 1. 
The anion of 2-aminopyridine (7) is also present in two geometrical isomers 
at -50°C (ratio 55:45). The ratio is independent of the concentration of 7 
(0.2 - 2 mmol/ml) and of potassium amide (1.5 - 10 equivalents). As no 
isomerism was reported in the literature , it is clear that the H NMR spectr 
must have been measured above the coalescence temperature. The almost equal 
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concentration of both isomers shows that stabilization of the ez/n-isomer 7a 
5 
via intramolecular hydrogen bonding and destabilization of the anti-isomer 
7b by repulsion between the two electron pairs is unimportant. The H NMR 
spectrum of the anion of 3-amino-6-methylpyridazine (8) also shows the presence 
of two geometrical isomers in a ratio of 70:30; thus the preference for one 
isomer is slightly greater (Table III)than in 7. The methyl group appears as 
a singlet in each isomer and is therefore probably not deprotonated ' ' . 
The anion of 4-aminopyridazine (9) is also present in two geometrical forms 
(Table III). The isomer distribution is 50:50, being the same as for the 
symmetrical anion of 4-aminopyridine. Thus, the ratio does not change, when 
a nitrogen atom is introduced in the meta position of the anion of 4-amino-
pyridine. 
As already indicated in the introduction, geometrical isomerism has been 
observed for the anion of 2-(methyl ami no) pyrimidine . In the present study 
we find indications for the occurrence of two isomers for the anion of 2-
amino-4-phenylpyrimidine (10)(Table III). The spectrum shows two separate 
NH signals, and two different signals for H-5 (not for H-6). The isomer 
distribution is 50:50. The results in Table III show further that also for 
the anion of 4-aminopyrimidine (11) geometrical isomerism exists; the ratio 
is 70:30. 
C. Anilines 
The anions of aniline and methyl am'lines lack the stabilizing ring nitrogens, 
and therefore may be expected to have a lower rotation barrier, due to a 
decreased double bond character of the carbon-nitrogen bond. Hence, the 
coalescence temperature should be lower than in the case of aminopyrazine. 
In the literature no indication is available for the occurrence of geometri-
cal isomers in the spectra of aniline and methyl anilines in liquid ammonia . 
containing potassium amide at +31°C . However, in our study we find that at 
-50°C the anions of aniline and 4-methylaniline (12) show the presence of geo-
metrical isomers (Table III). As both compounds are symmetric, restricted rota-
tion will be reflected in the non-equivalence of H-2 and H-6 and of H-3 and H-5, 
but not in the N-H signal. For 12 these different signals for all four ring 
hydrogen atoms are clearly observed. The simplicity of the spectrum makes this 
compound suitable for an attempt to measure coalescence. 
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M'C 
27C 
«,5 6,0 5,5 MHn 
Figure. Part of the H NMR 
spectrum of 12 at different 
temperatures 
Indeed, on raising the temperature from -50 C to 
-27°C coalescence takes place, and at -15°C the 
spectrum consists of two doublets, representing 
both equivalent ortho and meta hydrogens (Figure). 
The aromatic signals in the spectrum of the anion 
of aniline at -50 C cannot be simply interpreted, 
but their complexity suggests non-equivalence of 
both the ortho and the meta-hydrogen atoms, and 
hence restricted rotation of the carbon-nitrogen 
bond. 
The anion of 2,4-dimethylaniline (13) too is found 
to exist in two isomers, in a ratio of 85:15. This 
indicates that introduction of a methyl group ortho 
to the amino function has a strong influence on 
the isomer ratio. 
These data show that even in aniline anions, in 
which no stabilizing substituents or ring nitrogen 
atoms are present, geometrical isomerism can be 
observed at -50°C. 
Experimental Section 
13 1 C and H NMR spectra were obtained with a Varian XL-100-15 spectrometer, 
equipped with a Varian 620/L16K computer. When measuring in CDClg, internal 
Me.Si was used as standard. When measuring in liquid ammonia the sample tempera-
ture was ca. -50°C. Some samples were also measured at higher temperatures 
in sealed tubes. For H NMR spectra NH, was used as standard. The spectra were 
13 
converted to the Me.Si scale by adding 0.95 ppm. For C NMR spectra Me,N was 
used as internal standard. Adding 47.5 ppm converts these spectra to the Me«Si 
scale. 
13 Typical C NMR spectral parameters were as follows: spectral width 5120 Hz, 
acquisition time 0.8 s, pulse delay 0-1.2 s, pulse width 10 ys. 
1 13 Both H and C NMR spectra were usually measured on solutions of 0.4-0.6 mmol/ 
ml with 4 equivalents of potassium amide. Isomer ratios were determined by 
15 
integration of appropriate signals. Mass spectra and N contents were determin-
ed on an AEI MS-902 mass spectrometer. 
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17 18 19 
6-Amino-8-chloropurine , 8-aminopurine , 3-amino-6-methylpyridazine , 
20 21 22 
4-aminopyridazine , 2-amino-4-phenylpyrimidine and 4-anrinopyrimidine were 
prepared according to the l i terature. All other compounds were purchased. 
Acknowledgement 
We are indebted to drs.C.A.Landheer and mr.W.P.Combé for mass spectrometric 
data. 
References 
Dedicated to Professor Tetsuji Kametani for his pioneering work in natural 
product chemistry and his contribution to the development of heterocyclic 
chemistry on the occasion of his retirement from the Chair of Organic Chemistry 
at the Pharmaceutical Institute of Tohoku University at Sendai. 
1. J.B.Lambert, W.L.Oliver and J.D.Roberts,J.Am.Chem.Soc. 87, 5085 (1965). 
2. J.Almog, A.Y.Meyer and H.Shanan-Atidi, J.Chem.Soc.Perkin II, 451 (1972). 
3. B.McConnel and P.C.Seawell, Biochemistry _12, 4426 (1973). 
4. M.Raszka, Biochemistry 13, 4616 (1974). 
5. G.Dodin, M.Dreyfus and J.E.Dubois, J.Chem.Soc.Perkin II, 438 (1979). 
6. G.Barbieri et al., J.Chem.Soc.Perkin II, 330 (1979). 
7. J.Riand, M.T.Chenon and N.Lumbroso-Bader, J.Chem.Soc.Perkin II, 1248 (1979). 
8. K.L.Servis, J.Am.Chem.Soc. 87, 5495 (1965); ibid. 89, 1508 (1967). 
9. J.P.Geerts, H.C.van der Plas and A.van Veldhuizen. Org.Magn.Reson. 1_, 86 
(1975). 
10. N.J.Kos, H.C.van der Plas and A.van Veldhuizen, Reel.Trav.Chim.Pays-Bas 99, 
267 (1980). 
11. J.A.Zoltewicz and L.S.Helmick, J.Org.Chem. 38, 658 (1973). 
12. T.Birchall and W.L.Jolly, J.Am.Chem.Soc. 88, 5439 (1966). 
13. N.J.Kos, H.C.van der Plas and A.van Veldhuizen. J.Org.Chem. 44, 3140 (1979). 
14. J.P.Geerts, C.A.H.Rasmussen, H.C.van der Plas and A.van Veldhuizen. 
Reel.Trav.Chim.Pays-Bas 93, 231 (1974). 
15. H.J.den Hertog and D.J.Buurman, Reel.Trav.Chim.Pays-Bas 91, 841 (1972). 
16. J.A.Zoltewicz and A.A.Sale, J.Am.Chem.Soc. 95, 3928 (1973). 
17. R.K.Robins, J.Am.Chem.Soc. 80, 6671 (1958). 
18. A.Albert and D.J.Brown, J.Chem.Soc, 2060 (1954). 
19. G.B.Barlin and C.Yoot Yap, Austr.J.Chem. 30, 2319 (1977). 
20. T.Itai and S.Natsume, Chem.Pharm.Bul 1. \\, 342 (1963). 
21. H.Bredereck et al. Chem.Ber. 98, 1081 (1965). 
22. A.Albert, R.Goldacre and J.Phillips, J.Chem.Soc, 2240 (1948). 
74 
7 AN NMR INVESTIGATION OF GEOMETRICAL ISORISM IN THE ANIONS OF 
METHYLAMINOPYRIDINES. ASSIGNMENT OF THE SYN- AND ANTIISOMERS 
N.J.Kos, J.Breuker, H.C.van der Plas and A.van Veldhuizen 
1 13 The H and C NMR spectra of the anions of 4-, 3- and 2-(methyl ami no) pyridine 
and some of their ortho-methy]substituted derivatives in liquid ammonia contain-
ing potassium amide at -50°C are measured and assigned to the syn- and anti-
isomers. The position of the signals of the ortho hydrogen and carbon atoms is 
discussed. 
Introduction 
In the literature the H NMR spectra of the anions of aminopyrazine , 2-amino-
pyridine and several anilines at 25-31 C are reported. In these studies the 
existence of geometrical isomers was not mentioned. However, geometrical 
3 
isomerism has been noticed in the anion of 2,4,6-trinitroaniline , and also 
in our own studies evidence for the occurrence of syn- and anti-isomers of the 
anions of amino azaaromatics (2-aminopyridine, 2- and 4-aminopyrimidines, amino-
pyrazine, 3- and 4-aminopyridazine and 2-, 6- and 8-aminopurines) has been 
obtained4'5,6. 
This phenomenon has been ascribed to an enhanced double bond character of the 
4 5 
exocyclic carbon-nitrogen bond, leading to restricted rotation ' . In aniline 
o 4 
and methyl anilines restricted rotation has been found at -50 C . It has been 
reported that the anion of 2-(methylamino)pyrimidine also shows geometrical 
5 
isomerism, as appears by the non-equivalency of H-4 and H-6 . In order to 
investigate the generality of this phenomenon in (methylaminó)aza heteroarenes 
1 13 
we measured H and C NMR spectra of the anions of 4-, 3- and 
2-(methylamino)pyridine. Since the presence of a methyl substituent ortho to the 
methylamino group has an important influence upon the syn-anti ratio, which can 
provide us with an important clue to syn-anti assignment, we included in our 
study the NMR spectroscopy of the anions of 3-methyl-4-(methylamino)-, 4-methyl-
3-(methyl ami no)- and 3-methyl-2-(methylamino) pyridine. 
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Results and Discussion 
A. 4-(methylamino)pyridines 
The H NMR spectrum of the anion of 4-(methylamino)pyridine (1) measured in 
liquid ammonia containing potassium amide at -50°C shows just as the neutral 
compound geometrical isomerism. This phenomenon is revealed by the appearance 
of separate signals for H-3 and H-5 and for H-2 and H-6, showing that these 
hydrogens are not identical. 
2:R=CH3 
13 Also the C NMR spectrum shows separate signals for both C-3 and C-5 and for 
C-2 and C-6 carbon atoms. In order to be able to assign the H NMR signals to 
the respective atoms in each of the isomers a and b we prepared the anion of 
3-methyl-4-(methylamino)pyridine (2) and compared the spectra of 1 and 2. We 
observed that the H NMR spectrum of 2 only consists of a singlet (H-2) and 
two doublets (H-5 and H-6, Table I); there is no indication for the existence 
of two isomeric forms. It can be questioned whether this is due to the fact 
that this spectrum is an average of the two structures, isomerizing fast on the 
NMR time scale. However, we feel that this is not probable on the following 
grounds: i. in 3-methyl-4-(dimethylamino)pyridine the mesomeric interaction 
between the pyridine ring and the dimethyl ami no group is not seriously hinder-
o 
ed by an ovtho methyl substituent ; i.i. the related compound 2-methyl-4-nitro-
N-methylaniline is present in only one form at temperatures between -150°C and 
-50°C . i.i.i. 4-(methylamino)pyridine (thus not the anion) undergoes coalescen-
ce at about -60°C. 
Since in our study we are dealing with anions, we have to expect higher 
coalescence temperatures, therefore the two isomeric forms 2a and 2b should 
be observable at the temperature we used (-50°C). 
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Table I. H NMR data of the anions of N-methylaminopyridines in liquid 
. . . . .i 0 d ,b 
ammonia containing potassium arm.de at -SO C 
Anion of H-2 H-3 H-4 H-5 H-6 NCH, isomer 
0
 distr. % 
4-(methyl ami no)-
pyridine (la) 7.22 5.89 - 5.60 7.43 2.54 50:50 
3-methyl-4-(methyl -
ami no)pyridine0 (2a) 7.25 - - 5.62 7.47 2.66 100 
3-(methylamino)-
pyridine (4a) 7.50 - 5.76 A d 2.50 80 
(4b) 7.03 - d d 6.84 2.60 20 
4-methyl-3-(methyl -
amino)pyridinee (5b) 6.95 - - 6.47 6.84 2.70 100 
2-(methyl ami no)-
pyridine (6a) - 5.81 6.57 5.35 7.50 2.62 409 
(6b) - 5.58 6.96 5.57 7.57 2.54 60^ 
3-methyl-2-(methyl -
amino)pyridinef (7a) - - 6.50 5.35 7.43 2.71 100 
a
 Chemical shifts in ppm relative to Me.Si ( 6 = 0 ppm) 
Coupling constants: Jg
 3= 6 Hz, J2 4= 3 Hz> J3 4= 8_8-5 Hz, J3 5= 1.5-2.5 Hz, 
J4'5= 6-8' Hz, J4 6= 1.5-2.5 Hz, J5 6= 4-6 Hz. 
c
 The methyl group at C-3 is found at 1.81 ppm 
These signals are present in a complex region between 6.4 and 6.7 ppm 
e
 The methyl group at C-4 is found at 1.87 ppm 
The methyl group at C-3 is found at 1.76 ppm 
9
 Ratio after equilibration at +25°C 
In fact the temperature range between -80 and +10°C showed only one set of 
NMR signals. This leads to the conclusion that the spectrum of anion 2 measured 
under these conditions can only be explained by the presence of one isomer, i.e. 
the one in which the methyl of the methyl ami no group and the ortho methyl are 
directed away from each other, due to repulsion (structure 2a). 
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Table II. C NMR data of N-methylaminopyridines in CDCl- at 25°C and of their 
anions in liquid ammonia containing potassium amide at -50 C 
Compound 
4-(methyl ami no)-
pyridine neutral 
anion(la) 
1,2,3,4-tetrahydro-
1,6-naphthyridine 
neutral 
anion (3) 
3-(methylamino)-
pyridine neutral 
anion(4a) 
anion(4b) 
4-methyl-3-(methyl -
amino)pyridine 
neutral 
anion(5b)e 
2-(methyl ami no)-
pyridine neutral 
anion(6a) 
anion(6b) 
C-2 
149.8 
146.1 
137.7b 
146.0 
135.5 
143.6 
129.5 
130.0 
127.0 
160.0 
166.7 
168.6 
C-3 
107.3 
115.0 
117.7 
c 
146.0 
159.2 
c 
144.7 
156.3 
106.3 
114.5 
102.0 
C-4 
154.9 
163.0 
156.8 
c 
118.1 
107.4 
123.0b 
132.2 
130.2 
137.6 
132.2 
136.2 
C-5 
107.3 
102.6 
108.6 
110.6 
124.0 
124.8 
122.3b 
125.1 
122.7 
112.7 
99.1 
100.1 
C-6 
149.8 
149.5 
137.3b 
146.0 
137.7 
122.6 
125.lb 
137.3 
124.5 
148.2 
149.1 
149.6 
NCH3 
29.2 
36.5 
30.0 
37.3 
37.3 
1 
30.4 
37.1 
29.0 
35.5 
36.6 
Chemical shifts in ppm relative to Me*Si ( 6 = 0 ppm) 
These signals may also be interchanged 
c
 These signals could not be observed 
The methyl group at C-4 is found at 17.2 ppm 
e
 The methyl group at C-4 is found at 19.2 ppm 
In the H NMR spectrum of anion 1 the signals of H-3 and H-5 are well separated 
(6 = 5.89 and 5.60 ppm relative to Me.Si, Table I), and the chemical shift of 
one of these is very close to that of H-5 in anion 2a (5.62 ppm). Also the 
chemical shifts of the two signals of H-2 and H-6 of 1 (7.22 and 7.43 ppm) are 
very similar to those of H-2 and H-6 of 2a (7.25 and 7.47 ppm). These close 
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resemblances make it evident to assign the signals in the spectrum of 1 as 
indicated in Table I. From this result it appears that the ortho hydrogen 
atom ayn oriented to the nitrogen lone pair (H-3) resonates more downfield 
than the anti hydrogen (H-5). It should be noted that we have represented the 
2 formulas throughout this paper with an sp lone pair, with a p-orbital in 
conjugation with the pyridine ring. We realize that this is only an approxima-
tion of the two electron pairs on the nitrogen, since the negative charge is 
not fully delocalized in the aromatic ring. 
With the assignments of the H NMR spectra of 1 and 2a we are able to interpret 
13 the C NMR spectra of anion 1 by selective decoupling experiments. The results 
are that the ortho hydrogen resonating at lower field (H-3) is bound to the 
ortho carbon atom at lower field (C-3), and that the hydrogen at higher field 
(H-5) is bound to carbon at higher field (C-5). The same relationship is found 
for the H-2, H-6 hydrogen and C-2 and C-6 carbon atoms. These results lead to 
the assignment as given in Table II. 
13 This C assignment of anion 1 is confirmed by the spectrum of the anion 
g 
of the tetrahydro-l,6-naphthyridine (3) , which may be regarded as a model for 
anion 2b of 3-methyl-4-(methylamino)pyridine in which the ortho hydrogen (H-5) 
and the lone pair are in the syn orientation, and the methyl groups directed to 
each other. The ortho carbon atom C-5 in anion 3 being in 
syn orientation to the lone pair exhibits a downfield shift compared to the 
neutral compound. A downfield shift is also found for C-3 in anion la, being 
in ayn position relative to the nitrogen lone pair. 
All results indicate that in anion 1 
(7\ .-. the ortho carbon atom in the syn position relative 
to the lone pair resonates at a lower field than 
the ortho carbon in the anti position. Thus, this 
is in analogy to what has been found for the ortho 
hydrogen atoms. 
E. 3-(me thy lamina)pyridines 
In the H NMR spectrum of the anion of 3-(methylamino)pyridine (4) H-2 appears 
as two well-separated signals (7.50 amd 7.03 ppm, Table I); only one distinct 
signal for H-4 is observed at 5.76 ppm. Integration shows that this signal 
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belongs to the same isomer as the H-2 signal at 7.50 ppm. 
CH3 
I 
^>^H^) 
4:R = H 
5:R = CH3 
This isomer takes about 80% of the mixture (calculated from the H-2 signals) 
and the percentage is independent of the temperature (varied from -50 to +20°C). 
Unfortunately, we could not assign the signals in the spectrum between 6.4 and 
6,7 ppm, due to its complexity. Combined with the data from the spectrum of the 
anion of 4-methyl-3-(methylamino)pyridine (5), being present only in 
conformation 5b (for the same reasons as mentioned in section A for anion 2) 
we were able to assign the observed signals of 4. The chemical shifts of the 
H-2 and H-6 signals of 5b (6.95 and 6.84 ppm respectively) are very close to 
the corresponding signals of the minor isomer of 4 (7.03 and 6.84 ppm, Table I). 
Hence the less abundant isomer should have structure 4b. This means that 
ortho hydrogen H-2 in anion 4a, being in a syn orientation with respect to the 
nitrogen lone pair is less shielded than H-2 in 4b {anti); also H-4 in syn 
orientation between 6.4 and 6.7 ppm (anion 4b) is found more downfield than H-4 
in 4a. This is in accordance with the results in section A for anion 1. 
13 In the C NMR spectra the resonance line of C-2 in anion 5b at 127.0 ppm 
is close to that of C-2 in 4b (129.5 ppm). From selective decoupling 
experiments with 4 it became clear that the lower field ortho hydrogens (H-2 in 
4a and H-4 in 4b) are bound to the downfield ortho carbons C-2 and C-4 respect-
ively. Thus, the ortho carbon atom C-2 which is in the ayn position to the 
nitrogen lone pair, resonates at lower field than C-2 in the anti position; for 
C-4 the same relationship is found. These results are in agreement with those 
found for anion 1 (see section A). 
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C. 2- (methy lamina Jpyridines 
In the NMR spectra of the anion of 2-(methyl ami no)pyridine (6) again two 
isomers can be observed. The ratio of these isomers is found to vary between 
60:40 and 40:60 at -50°C. When the temperature was allowed to rise from -50°C 
to 25°C (followed by measurement of the NMR spectrum at -45°C) a reproducible 
ratio was found (40:60). Apparently we are dealing with a change from a kinetic 
distribution to the thermodynamic equilibrium. 
For the assignment of the spectra of the thermodynamically controlled mixture 
we applied the same criteria as applied in sections A and B. The H NMR 
spectrum of the minor isomer is similar to the one of the anion of 3-methyl-
2-(methylamino)pyridine (7, Table I), being expected to exist in conformation 
7a only. Thus, the minor isomer has conformation 6a and the more favoured 
structure is 6b. The predominance of 6b is unexpected since repulsion of 
the electron pairs on the NCH3 group and on the ring nitrogen would favour the 
formation of isomer 6a. The preference for 6 to be present in conformation 6b 
may be caused by complex formation between the potassium cation and the electron 
pairs of 6b. In order to establish whether complexation is operative, 18-crown-
6-ether, being effective in complexation of potassium cations, was added to the 
solution. With increasing concentration of crown-ether the signals of 6b de-
crease, and even disappear in favour of 6a. Furthermore, when instead of 
potassium amide caesium amide is used as base, a change of the isomeric ratio 
from 40:60 to 55:45 in favour of conformer 6a has been observed. These results 
suggest the complexation of 6b with the potassium cation is the dominating 
factor determining the isomer distribution. The larger size of the caesium ion 
makes this complexation less efficient. The preferred formation of 6a under 
kinetic control is not due to a preference of the neutral compound for a 
conformation like 6a, because a solution of 2-(methylamino)pyridine in methanol 
does not show isomerism on cooling to -110 C. 
In the major isomer 6b,H-3 {anti to the lone pair) is more shielded than in 6a. 
13 As concluded from selective decoupling experiments in the C NMR spectrum the 
resonance of C-3 eyn to the lone pair (6a) is at lower field (114.5 ppm) than 
in the anti position (102.0 ppm). This is in agreement with the results obtained 
with anions 1 and 4 (see sections A and B). 
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6;R = H 
7:R=CH3 
Conclusion 
In the foregoing we demonstrated that in all three isomeric N-methylamino-
pyridine anions the ovtho hydrogen syn oriented to the amino lone pair is less 
shielded than in anti position. The syn hydrogen is thus found at a lower field 
than the anti hydrogen. The same effect has been reported for aromatic hydrogens 
in arylketimines ' and in fluorene derivatives (8) . In the latter compounds 
assignment was based on the H-F coupling. The difference between the chemical 
12 
shifts of H and H. in 8 can be as large as 1.3 ppm, with H more downfield . 
Also in all three N-methylaminopyridine 
anions the ortho carbon in anti orientation 
relative to the lone pair resonates at higher 
field. This upfield shift may be due to steric 
11 13 14 
compression by the N-methyl group ' ' . 
These experimental results confirm the theoreti-
cal calculations which Lunazzi et al. used to 
assign the ortho carbon atoms in N-methyl-
aniline . 
This neutral compound exists in two isomeric forms 
at -130°C. For the meta carbon atoms was found that the carbon on the same side 
of the molecule as the N-methyl group was associated with the lower field absorp-
tion. This was confirmed by our experiments. 
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Experimental 
1 13 The procedures followed to obtain the H and C NMR spectra have been described 
4 
previously . All compounds were synthesized according to known procedures 
16 17 
(4-(methyl ami no)pyridine , 3-methyl-4-(methylamino)pyridine , 1,2,3,4-tetra-
hydro-l,6-naphthyridine , 3-(methylamino)pyridine , 4-methyl-3-(methyl -
amino)pyridine , 2-(methylamino)pyridine and 3-methyl-2-(methylamino)-
21 pyridine ). 
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8 AN NMR INVESTIGATION OF GEOMETRICAL ISOMERISM IN THE ANIONS 
OF AROMATIC AMINO COMPOUNDS. THE "EFFECTIVE SIZE" OF A LONE 
ELECTRON PAIR 
Koos Breuker, Nico J.Kos, Henk C.van der Plas and Beb van Veldhuizen 
1 13 The H and C NMR spectra of the anions of 4-, 3- and 2-aminopyridine, 4-
anrinopyrimidine and some of their methyl derivatives in liquid ammonia contain-
ing potassium amide at -50°C are measured and assigned to the syn and anti 
isomers. The influence of an ortho methyl substituent on the isomer ratio gives 
an indication for the "effective size" of the nitrogen lone electron pair, which 
in these anions appears to be larger than the hydrogen in the NH" group. 
13 Comparison of the C NMR spectra with those of (methyl ami no)pyridines reveals 
a great difference in the effect of the orientation of the NH" and of the NCH," 
group on the chemical shifts of the ortho carbon atoms. In the aminopyridine 
anions the carbons syn with respect to the nitrogen lone pair resonate at higher 
field than in the anti position, whereas in the (methylamino)pyridine anions a 
reversed relationship was found. 
Introduction 
A recent NMR spectroscopic study of the anions of some aromatic amino compounds 
in liquid ammonia containing potassium amide at -50°C has unequivocally proved 
the occurrence of geometrical isomerism in these systems . This phenomenon has 
been ascribed to an enhanced double bond character of the exocyclic carbon-
1 13 
nitrogen bond, leading to restricted rotation. From a H and C NMR study of 
the anions of 2-, 3- and 4-(methyl ami no)pyridines, allowing the assignment of 
2 
the syn and anti isomers , it appeared that the ortho hydrogen and carbon atoms 
being syn oriented to the electron pair of the methylamino group all resonate at 
a lower field than the hydrogen and carbon atoms in the anti position. In 
1 13 
continuation of this work we studied the H and C NMR spectra of the anions 
of 4-, 3- and 2-aminopyridine and some of their C-methyl derivatives, and 
established the assignment of the signals to either the syn or the anti isomer. 
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Results and Discussion 
A. 4-Aminopyridines 
In the H NMR spectra of the anions of 4-aminopyridine (1) and 4-amino-2,6-di-
methylpyridine (2), measured in liquid ammonia containing potassium amide at 
-50°C, different signals appear for all aromatic hydrogen atoms (Table I). 
l: H H H H 
2: H CH3 H CH3 
3: H H CH3 H 
4: CH3 H H H 
The non-equivalency of the H-3 and H-5 and of the H-2 and H-6 is a result of 
restricted rotation around the exocyclic carbon-nitrogen bond. Also for the 
anion of 4-amino-3-methylpyridine (3) geometrical isomers are observed in the 
H NMR spectra as appears from two signals for each H-2, H-5 and H-6 (Table I). 
For anions 1 and 2 the isomeric ratio is, of course, 50:50, due to their symme-
try; for anion 3 an isomeric ratio of 75:25 is found (determined by integration 
of appropriate proton signals), showing that a methyl substituent in ovtho 
position to the NH~ group has a considerable influence on the isomer distribu-
tion . When the solution containing 3 was allowed to stand for one day at room 
temperature in a sealed tube, the spectrum did not change. This shows that the 
syn and anti isomers of 3 are in thermodynamic equilibrium. 
To decide which signals belong to either the syn or anti structure of the anions 
1 13 
we used both H and C NMR spectroscopic data (Tables I and II) and applied two 
criteria for discerning these structures. The first one is the well-known depen-
3 3 
dence of the coupling constant Ji3c_NH on the geometry of the system . When 
using the J ^ between the hydrogen of the anionic amino group and the carbon 
atom in ortho position, the coupling constant is larger for the anti than for the 
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3 
syn structure . The second criterion is the chemical shift of the ortho 
hydrogens. In a previous paper it was unequivocally established that an 
ortho hydrogen, being in a position syn relative to the lone pair of an 
anionic methyl ami no group is more deshielded than in the anti position and 
thus appears at lower field . We can use this result in the aminopyridine 
anions, since the shielding of the ortho hydrogen in these anions will be 
primarily determined by electric field effects caused by the lone pair orien-
tation and in less extent by the N-H or N-CH3 group. The term "lone pair" is 
used for the two electron pairs on the amino nitrogen atom. The formulas 
2 
throughout this paper might suggest an sp lone pair, with a p-orbital in 
conjugation with the pyridine ring. We realize that this is only an approxima-
tion, since the negative charge is not fully delocalized in the aromatic ring. 
Considering the spectra of anion 3, we observed that in the predominant isomer 
3 
Jl3c NH for C-5 is larger (15 Hz compared to 8 Hz, Table II) and that the H-5 
signal is at lower field than H-5 in the minor isomer (Table I). Based on these 
two criteria we reached the conclusion that isomer 3a is the predominant one. 
This result seems to indicate that the "effective size" of the electron pair 
on the NH" group is larger than that of the hydrogen atom of NH", leading to 
a preference for 3a in which the proton is near the ortho methyl substituent. 
2 
A somewhat surprising result, since the sp electron pair in pyridine and 
4 5 6 3 
comparable compounds ' ' as well as the sp electron pair in, for instance, 
piperidine are found to be "smaller" than a hydrogen atom. However, in the 
anions, being investigated in this study, two distinct differences have to be 
taken into consideration in comparison with the systems, mentioned in the 
literature: i. in liquid ammonia solvation takes place and probably makes the 
Q 
electron pair effectively larger than a hydrogen . i.i. we are dealing with 
an electron pair in an anionic amino group and theoretical calculations have 
?-
shown that the size of an electron pair in the series NH3- NHp - NH strong-
ly increases . 
It cannot be excluded that isomer 3a is better solvated than isomer 3b, since 
solvation of the electron pair in 3b may be hindered by the ortho methyl sub-
stituent, leading to destabilization. A complication also arises from the 
possibility that there is an electronic preference for one of the isomers . 
3 
It is interesting to notice that the coupling constants J ^ for C-5 of 3a 
(15 Hz) and 3b (8 Hz) are not smaller than for C-3 and C-5 of 1 and 2 (Table II). 
3 
Jl3r N strongly depends on the configuration and will be sensitive to rotation 
of the amino group . Apparently the ortho methyl substituent is not able to push 
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the amino group out of the plane of the aromatic ring . For the interpretation 
1 13 
of the H and C NMR signals of the anions 1 and 2 the same two criteria are 
used as mentioned above (Tables I and II). 
The assignments of the signals for C-2 and C-6 in both anions may be interchang-
ed. Comparison with the spectra of 3 did not make a definitive assignment of 
13 
C-2 and C-6 possible either. Comparison of the C NMR spectra of the now firm-
ly established structures la, 2a and 3a with that of the anion of 4-(methyl-
amino)pyridine (4a,Table II) showed the interesting feature that in 4a the 
signal of the ortho carbon atom anti relative to the lone pair (C-3) is found 
2 
at higher field than C-5 , while in la, 2a and 3a the higher field signal has 
to be ascribed to the carbon atom in the syn position (C-5). The anomalous 
behaviour of C-3 may be due to steric compression in 3a. 
B. S-Anrinopyridinen 
In the H NMR spectrum of the anion of 3-aminopyridine (5) two isomers can be 
discerned in a ratio 60:40. For the signal assignment of the hydrogens in the 
two isomeric configurations (5a and 5b) we applied the same two criteria as 
3 
mentioned in section A. Since establishment of the magnitude of the 0^3 ...
 N 
is disturbed by coupling of C-4 with H-6, we measured J-,, in the 
12 . . . • " C{4)-NH 
A C *U„ £ a m e lf 
anion of 3-amino-6-methylpyridine (6) . Anion 6 gives the isomeric ratio 
as 5, i.e. 60:40. Application of the two criteria gives for the more abundant 
3 
isomer of 6 the following results (Tables I and II) : i. J13 for C-4 is 
13 Hz and smaller for C-2; i.i. the ortho H-4 is observed at lower field than 
H-4 in the minor isomer. 
R 
S: CH3 H 
RL 
5: H H H H 
6: H H H CH3 
1: H CH3 H H 
s: H H CH3 H 
H H 
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These results lead to the conclusion that isomer 6a is predominant over 6b. 
This is confirmed by the chemical shift of H-2, being more upfield in 6a than 
3 
H-2 in 6b,and the magnitude of J,j of the less abundant isomer, being 
8 Hz for C-4. The same result is obtained for 5. 
From the chemical shifts of H-4 in the anion of 3-amino-2-methylpyridine (7) 
it can be concluded that the preferred isomer has configuration a. The isomer 
ratio has slightly changed in favour of structure a (70:30). Thus, it is 
evident that the presence of a methyl group at position 2 promotes the formation 
of configuration a. Based on the chemical shift of H-2 in the anion of 3-amino-
4-methylpyridine (8, Table I), being at lower field in the more abundant isomer, 
8b is the favoured isomer. From these results it is evident that a methyl sub-
stituent ortho to the anionic amino group causes a preference for the isomer in 
which the amino hydrogen is directed to the methyl group. This indicates, that 
the steric requirement of the electron cloud on the anionic amino group can be 
considered as "effectively larger" than the amino hydrogen. This conclusion 
is in agreement with the one reached in section A. 
13 Considering the C NMR spectra of anion 6 it appears that the carbon atom syn 
3 
to the lone pair (C-4, J ^ = 13 Hz) resonates at higher field than C-4 
in the anti position ( Ji3r_NH = 8 Hz). An analogous difference is observed 
for C-2. When we compare this result with that of our previous study concern-
ing the anion of 3-(methylamino)pyridine (9) we see that this relationship 
is reversed: both in 9a and 9b the ortho carbon atoms syn to the lone pair are 
found more downfield than in the anti position . In section A an analogous 
difference between 4-aminopyridine and 4-(methylamino)pyridine was found. A 
second interesting difference between 5 and 9 concerns the isomer ratio. Anion 
9 exists mainly (80%) in configuration b, whereas for 5 structure a is predomi-
nant. 
C. 2-Aminopyridines 
We have already reported that the anion of 2-aminopyridine (10) exists in two 
isomeric forms (ratio 55:45) . This ratio was shown to be independent of the 
concentration of both 10 and potassium amide . To facilitate the determination 
3 13 
of J iß we measured the C NMR spectrum of the anion of 2-amino-5-methyl-
pyridine (11). The isomeric forms of 11 are present in the same ratio as in 10. 
For the syn- anti assignment we used again the same two criteria as discussed 
3 
already, i.e. JV-, for C-3 and the chemical shift difference of H-3. iJC-NH 
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RJ R5 
10: H H H 
il: H H CH3 
12: H CH3 H 
13: CH3 H H 
From the results shown in Tables I and II we came to the conclusion that 
conformer 10a, in which the two electron pairs are in the syn orientation is 
slightly preferred, although by repulsion of the electron pairs on the two 
13 
nitrogen atoms and intramolecular hydrogen bonding 10b would be expected to 
be favoured. The observed predominancy of 10a may be ascribed to stabilization 
as a result of complexation of the potassium cations with both lone pairs. Some 
evidence for this hypothesis was obtained from the observation that the amount 
of 10a decreases and even disappears in favour of 10b on addition of 18-crown-
6-ether, a compound known to complexate with potassium cations. Using cesium 
amide instead of potassium amide also slightly favours 10b (ratio 35:65).These 
results are analogous to the behaviour of the anion of 2-(methylamino)pyridine 
(13). In the anion of 2-amino-3-methylpyridine (12) the syn-anti assignment 
cannot be based on the position of a hydrogen atom ortho to the amino group, 
but comparison of the chemical shifts of H-4, H-5 and H-6 in the anions 10, 11 
and 12 indicates that the predominant structure is 12a. This is confirmed by 
the change of the isomeric ratio in favour of 12b, when using 18-crown-6-ether 
or adding cesium amide instead of potassium amide. The preference for 12a 
is stronger (70:30) than for 10a and 11a (55:45), and does not alter when the 
temperature is allowed to rise to 20°C. This result can again be explained in 
terms of the electron pair being "larger" than a hydrogen atom. Considering the 
13 position of the C-3 signal in the C NMR spectrum of anions 10 and 11, it is 
evident that this ortho carbon atom in the syn position relative to the lone 
3 
pair ( J13 = 13 Hz) is observed at higher field than in the anti position 
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( 3 j 13 C-NH 
6 Hz). In anion 13 th i s re lat ionship is reversed. This is in 
agreement wi th the resul ts in sections A and B. 
D. 4-Aminojpyrimidines 
We have already reported that the anion of 4-aminopyrimidine (14) gives two 
isomeric conformations in the r a t i o of 70:30 (Table I ) . This r a t i o does not 
change on standing at room temperature fo r an hour, so we are dealing with a 
thermodynamic equi l ib r ium. For the syn-anti assignment we can use the signals 
H-5, C-5 and JJ 
1 3 C - N H ! . . . . 3 
j
 1 
. In the more abundant isomer H-5 appears at lower f i e l d 
>ld, while J , , , , i s 12 Hz compared iJC-NH 
other isomer, showing that 14a i s the predominant isomer. 
and C-5 at higher f i e l d , , wi th 7 Hz for the 
iJC-NH 
14 
IB 
1« 
R6=H 
R,= C H , 
R.= C6HS 
This conclusion is fu r ther substantiated by the observation that on addi t ion of 
18-crown-6-ether the signals of the minor isomer 14b, which i s probably s tab i l i z -
ed by complexation with the potassium ca t ion , disappear. Also when cesium amide 
i s used instead of potassium amide we f ind less of 14b. 
From the H NMR spectra of the anions of 4-amino-6-methylpyrimidine (15) and 
4-amino-6-phenylpyrimidine (16) i t i s evident that also these anions are 
preferably present in conf igurat ion a (Table I ) . Apparently a methyl or phenyl 
group in posi t ion 6 does not s i gn i f i can t l y influence the isomer r a t i o . 
The in teres t ing fac t that the anions 14, 15 and 16 prefer the isomeric form 
in which the two electron pairs are in the anti o r i en ta t i on , while the anion of 
2-aminopyridine (10) s l i g h t l y prefers the syn s t ruc tu re , is possibly caused by 
d i f f e ren t d e r e a l i z a t i o n pattern of the negative charge. This may be due to 
the fac t that in 4-aminopyrimidine (14b) a part of the negative charge i s 
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present on the para ring nitrogen atom. This decreased electron density on N-3 
and on the NH" group may cause a less efficient complexation of the potassium 
14 13 
cation . As a result hydrogen bonding and mutual repulsion of the electron 
pairs will favour 14a. 
Conclusion 
From this study it is evident that an electron pair is "larger" than a proton 
on an NH" group, but it cannot be completely ascribed to steric factors. It 
is possible that the preferred isomer is also favoured by a better solvation 
than the other isomer and there may also exist a difference in electronic 
stabilization. The results are further complicated by the fact that there are 
two lone pairs present on the NH group which will both have some conjugation 
with the aromatic ring. 
It is clear from this study that, in contrast to what has been observed with 
the anions of the methyl ami no pyridines, the carbon atom in the eyn orientation 
to the lone pair appears at higher field than the corresponding carbon in the 
anti position. As the chemical shifts of the syn carbon atoms in the methyl-
2 
amino pyridines are predominantly determined by steric compression , it is 
evident that other factors work here in an opposite direction. 
Experimental 
1 13 The procedures followed to obtain the H and C NMR spectra have been described 
previously . 
All compounds were commercially available or synthesized according to known 
1 C I f 
procedures (4-amino-2,6-dimethylpyridine , 4-amino-3-methylpyridine , 
5-amino-2-methylpyridine , 3-amino-2-methylpyridine , 3-amino-4-methylpyri-
17 18 18 
dine , 4-amino-6-methylpyrimidine and 4-amino-6-phenylpyrimidine ). 
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9 DISCUSSION 
The first part of this thesis describes the reactions of purine and several 
2,6,- and 8-substituted purines with potassium amide in liquid ammonia. These 
compounds are present as anions in this strongly basic medium, due to depro-
tonation of the NH group of the imidazole ring. The introduction has shown 
that attack of a nucleophile on an anionic purine preferably takes place at 
position 6. The results presented in this thesis emphasize that position 6 is 
the most reactive for attack of the strongly nucleophilic amide ion. It has 
been shown that, if this position is occupied as in 6-methylpurine, 6,8-di-
iert-butylpurine, 6-tert-butyl-8-(methylthio)purine, adenine, fc-chloroadenine, 
2-chloro-6-methylpurine and 2-chloro-6,8-di-tert-butylpurine no reaction at 
position 2 or 8 occurs. The blocking effect of the tertbutyl group is certain-
ly due to its bulkiness and that of the methyl and amino group to their abili-
ty to undergo deprotonation in this strongly basic medium. Attack of the 
nucleophile is then prevented in the dianion thus formed. When a phenyl group 
15 
occupies position 6 no blocking effect is observed. N labeling has proved 
that ami nation of 2-chloro-6-phenylpurine into 2-amino-6-phenylpurine takes 
place by an initial attack of the amide ion at position 6 (Scheme I, X = CgH5, 
Y = H, Z = Cl). These results exemplify the general picture that the reaction 
of an anionic purine with the amide ion always starts with attack at position 
6 to give a a-adduct (Scheme I), but that the subsequent reaction sequence 
depends on the position of the leaving group. 
In fact, three different types of reactions can be discussed, 
a) Direct substitution 
If a leaving group is present at position 6 (X = Cl, SCH,) the a-adduct aro-
matizes rapidly by expulsion of this group (SN(AE)-mechanisme). In these cases 
the intermediate adduct cannot be observed. In the absence of a leaving group 
at position 6 a Chichi babin ami nation occurs, due to loss of a hydride ion 
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from this position. The second step in the reaction, i.e. the aromatization, 
is found to be rate-determining in this case since the intermediate a-adduct 
can be observed by low temperature NMR spectroscopy. It is interesting that 
the Chichi babin ami nation of purine occurs only in liquid ammonia and not in 
other solvents, while several other heterocycles (e.g. pyridine) react better 
in other solvents. When a leaving group is present at position 8 (Y = CI, 
SCH,) the Chichibabin amination can also occur. Thus 8-(methylthio)purine 
gives 8-(methylthio)adenine as sole product and 8-chloropurine likewise yields 
8-chloroadenine. 
b) Tele-substitution 
An example is the formation of adenine besides 8-chloroadenine from 8-chloro-
purine. This tele-ami nation is in fact the first example of this reaction in 
purine chemistry. The adduct (X = Z = H, Y = Cl) protonates at position 8 and 
thereafter elimination occurs. 
c) Ring-Opening 
A third mechanism is operative when a leaving group is present at position 2 
(Z = CI, F, SCH,). In this case the a-adduct undergoes opening of the pyrimi-
dine ring with expulsion of the leaving group. The resulting imidazole deriva-
tive undergoes ring closure on neutralization to give a 2-aminopurine. This 
type of reaction is referred to as an SN(ANR0RC) mechanism. It is interesting 
to compare these results with those of the amination of 2,6-dichloropurine. 
When 2,6-dichloropurine is reacted with potassium amide in liquid ammonia 
three products are isolated: 2-chloroadenine, 2,6-diaminopurine and 4-cyano-5-
2 
cyanoaminoimidazole (scheme II). The last two products originate from 2-
chloroadenine as shown by their formation when 2-chloroadenine is reacted 
2 
under identical conditions. 
N=C 
N==C-N ^-N 
H H 
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When 2-amino-6-chloropurine is treated with potassium amide in liquid ammonia 
only 4-cyano-5-cyanoaminoimidazole is formed and no 2,6-diaminopurine. Direct 
attack of the amide ion at position 2 of 2-chloroadenine to give 2,6-diamino-
purine is unlikely in view of the results obtained with other purines, as 2-
chloro-6-phenylpurine and 2-chloro-6,8-di-tert-butylpurine. An SN(ANR0RC) 
mechanism, starting with attack at position 6 therefore seems to be involved. 
Adduct formation at a position already occupied by an amino group is not un-
precedented. The conversion of 4-amino-2-bromoquinoline into 4-amino-2-methyl-
3 
quinazoline involves an initial addition at position 4. 
All reactions discussed above involved the anions of purines, since these are 
deprotonated under these strongly basic conditions. In 9-substituted purines, 
where anion formation is impossible, the reactivity increases, especially at 
position 8. The increase in reactivity can be shown by comparison of the reac-
tion times. Both 6-chloro-9-methylpurine and 9-methylpurine react with potas-
o 4 
si urn amide in liquid ammnia in about 1 h at -80 C, while anionic purines 
require 20 to 70 h at -30 C. 9-Methylpurine undergoes addition at position 8, 
followed by opening of the imidazole ring to give a substituted pyrimidine. 
4 
Hydrolysis during work up gives 4-(methylamino)-5-formamidopyrimidine. 
N 
/ 
N | 
CH3 
KNH2 ( ï^ïl 
^J 
.N=CH-NH 2 
^NHCH3 
N
 M 
N T 
0 
H II 
.N-CH 
^NHCH3 
6-Chloro-9-methylpurine reacts similarly, but 9-methyladenine is also formed. 
Due to the rapid reaction it is impossible to measure NMR spectra of interme-
diates, but it is clear from the results that positions 6 and 8 are both at-
tacked by the amide ion. We have observed for 8-methylthio-9-methylpurine that 
an adduct is initially formed at position 6, but that the products must be 
4 
formed via an adduct at position 8. The latter however could unfortunately 
not be observed. 
During the H NMR study of the reactions of 6-chloro- and 6-methylthiopurine 
with potassium amide in liquid ammonia, we observed geometrical isomerism in 
the adenine formed (Chapter 3). An unexpected result, since in this strongly 
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basic medium rapid exchange leading to isomerization should be expected. A 
detailed study of the phenomenon of geometrical isomerism in a number of 
anions of amino(aza)aromatics has shown that the rotational barrier in the 
anions of the amino compounds is higher than in the neutral molecules. This is 
due to derealization of the negative change to the aromatic ring. The anion 
of 4-methylaniline, for instance, shows a coalescence temperature of about -
-30°C, whereas N-methylaniline has a coalescence temperature of about -120°C. ' 
1 13 The assignment of the H and C NMR spectra to the syn and anti isomers of 
the anions of aminopyridines, aminopyrimidines and N-methylaminopyridines was 
possible by applying three criteria: i) In ortho methyl substituted-(methyl-
amino)pyrimidines the only existing conformation is the isomer in which the 
two methyl groups are in the anti position. 
3j 
Li) The coupling constant 1 3C_NH between the proton of the NH group and the 
ortho carbon atoms is larger for the conformation in which the hydrogen atom 
of the NH" group is in the anti position relative to the ortho carbon atom 
than for the syn conformation. 
Hi) In the anions of the methyl aminopyridines and the amino compounds the 
ortho hydrogen atom in the syn position relative to the lone pair resonates at 
a lower field than the hydrogen atom in the anti position. 
Electric field effects are important in determining the chemical shift of 
hydrogen atoms. It is therefore not surprising that this relationship holds 
for both NH" and NCH,~. 
13 
However, the C NMR chemical shifts for the ortho carbon'atoms are not compa-
rable in the anions of amino- and methyl aminopyridines. In methyl aminopyridine 
the ortho carbon atom in the syn position relative to the lone pair resonates 
at a lower field than the ortho carbon atom in the anti position. In the 
anions of aminopyridines this criterion is reversed. These rules were proven 
by comparison with reference compounds and selective decoupling. This can be 
explained by the influence of the methyl group resulting in a large upfield 
shift of the ortho carbon atom in the syn position relative to the lone pair. 
101 
This chemical shift arises from steric perturbation of the carbon nucleus and 
1 13 is known as steric compression shift. The assignment of the H and C NMR 
spectra of the aminopyridines and their ovtho methyl derivatives to the syn 
and anti isomers has shown that the ortho methyl substituent causes a prefe-
rence for the isomer iin which the hydrogen atom of the NH~ group and the 
methyl group are in the anti orientation. This has been described in terms of 
the lone pair being "larger" than a proton, but it must be emphasized that it 
is possible that the preferred isomer is also favoured by better solvation and 
by an extra electronical stabilization. 
It has also been shown that in 2-aminopyridine, 2-methylaminopyridine and 4-
aminopyrimidine the conformation with the electron pairs in the syn position 
is stabilized by complexation with the potassium cation. Assignment of the H 
NMR spectrum of aminopyrazine (Chapter 6) also supports this conclusion. 
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SUMMARY 
In this thesis two subjects are described: a. the amination of substituted 
purines by potassium amide in liquid ammonia and b. the occurrence of geometri-
cal isomerism in the anions of aromatic amino compounds. 
It is shown that the first step in the amination of purines, being present as 
anions under these strongly basic conditions, is the formation of a o-adduct 
as position 6 to give a 6-amino-l,6-dihydropurinide. If position 6 is occupied 
by a blocking group an attack at position 2 or 8 does not occur. The further 
reaction course depends on the nature of the substituents and their position 
in the purine ring. i. If a leaving group (Cl.SCH,) is present at the same 
position where the amide ion has attacked, this substituent is expelled 
(SN(AE) mechanism). In case no leaving group is present a Chichibabin amination 
occurs due to expulsion of a hydride ion from position 6 (this reaction is 
described in Chapter 2). 
The Chichibabin amination can also occur at position 6 when a leaving group 
(Cl.SCHo) is present at position 8. ii. In the last-mentioned system a tele 
substitution is possible besides the SN(AE) reaction. This reaction is exempli-
fied in the conversion of 8-chloropurine into adenine (formed besides 8-chloro-
adenine). The a-adduct at position 6 is protonated at position 8, after which 
dehydrohalogenation occurs (S»,(AE) e, see Chapter 3). iii. If a leaving group 
is present at position 2 (Cl.F.SCH,) the a-adduct at position 6 undergoes ring 
opening of the pyrimidine ring with expulsion of the leaving group. The result-
ing imidazole derivative undergoes ring closure to give a 2-aminopurine. This 
type of reaction is referred to as an S,.(ANR0RC) mechanism and is described in 
Chapter 4. 
It has been established that in an SN(AE) mechanism the second step, involving 
the expulsion of the leaving group, is fast; the intermediary a-adduct cannot 
be observed. However, in the Chichibabin amination, tele amination and reaction 
according to the S.JANR0RC) mechanism, the second step is slow and therefore 
the a-adduct can be observed by low temperature NMR spectroscopy. 
In Chapter 5 a new method is presented for the reductive removal of amino and 
alkylamino groups from position 6 of 9-substituted purines with sodium in 
103 
liquid ammonia. The reaction involves reduction of the N(l) - C(6) bond, follow-
ed by elimination. This reaction is of special interest since the alternative 
method for the removal of amino groups i.e. the diazotization cannot be used 
with alkylamino groups. Therefore this new method is especially useful for the 
deamination of 6-(alkylamino)-9-substituted purines. 
In the last part of this thesis the occurrence of geometrical isomerism in the 
anions of aromatic amino compounds in liquid ammonia containing potassium amide 
is described. It is shown that this phenomenon occurs even in anilines, where 
the rotational barrier will be lower than in azaaromatic systems. This is 
confirmed by the occurrence of coalescence with increasing temperature (Chapter 
1 13 6). The H and C NMR spectra of the anions of aminopyridines, aminopyrimidines 
and N-methylaminopyridines are assigned to the syn- and anti isomers. It has 
been revealed that in all these anions the ortho hydrogen atom in the syn 
position relative to the lone pair resonates at a lower field than the hydrogen 
13 
atom in the anti position. For the C NMR shifts of the ortho carbon atoms 
it was found that in the anions of N-methylaminopyridines the ortho carbon atom 
in the syn position relative to the lone pair resonates at lower field than the 
ortho carbon atom in the anti position. 
In the anions of aminopyridines and aminopyrimidines this phenomenon is reversed. 
We have also shown that the presence of a methyl group ortho to the anionic 
amino group causes a preference for the isomer, in which the proton of the NH~ 
group is in a syn position relative to the methyl group. This is explained in 
terms of the electron pair being "larger" than a proton, but it is possible 
that the preferred isomer is also stabilized by a better solvation and by an 
electronical effect. 
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SAMENVATTING 
Dit proefschrift behandelt twee onderwerpen: a. de ami nering van gesubstitueerde 
purinen met kaliumamide in vloeibare ammoniak en b. het optreden van geometrische 
isomerie in de anionen van aromatische aminen. 
Er wordt aangetoond dat in de eerste stap in de aminering van purinen, die on-
der de sterk basische omstandigheden als anionen aanwezig zijn, de vorming van 
een a-adduct op plaats 6 optreedt. Hierbij ontstaat het anion van een 6-amino-
1,6-dihydropurine. Als de 6-plaats geblokkeerd is, treedt geen aanval op plaats 
2 of 8 op. 
Het verdere verloop van de reactie hangt af van de aard en positie van de sub-
stituenten. i. Als er een vertrekkende groep (Cl, SCH3) aanwezig is op dezelf-
de plaats waar zich de aminogroep bevindt, wordt deze substituent afgesplitst. 
(S (AE) mechanisme). Als er op deze plaats geen substituent (Cl of SCH3) aan-
wezig is - dus alleen een H-atoom - treedt er vorming van de aminoverbinding 
op (Chichibabin aminering), waarbij de waterstof als hydride ion wordt afge-
splitst (hoofdstuk 2). Deze reactie vindt ook plaats indien er een vertrekken-
de groep (Cl.SCH,) aanwezig is op plaats 8. Uit 8-chloor- of 8-(methylthio) 
purine ontstaat dan 8-chloor- of 8-(methylthio)adenine. ii. Het is gebleken dat 
8-"chloorpurine bij behandeling met kaliumamide ook een z.g. teie-substitutie 
kan ondergaan. Hierbij ontstaat uit 8-chloorpurine adenine (naast 8-chloor-
adenine). Het o-adduct op plaats 6 wordt geprotoneerd op plaats 8, waarna de-
hydrohalogenering optreedt (S.,(AE) e, hoofdstuk 3). iii. Als er een vertrek-
kende groep aanwezig is op plaats 2 (C1,F,SCH3) ondergaat het a-adduct een 
opening van de pyrimi dinering. Het ontstane imidazoolderivaat ondergaat ring-
sluiting tot een 2-aminopurine. Dit type reactie wordt aangeduid als een 
S.|(ANR0RS) mechanisme en wordt beschreven in hoofdstuk 4. Er is vastgesteld 
dat in een S.,(AE) reactie de tweede stap, d.w.z. de afsplitsing van de vertrek-
kende groep, snel verloopt; het a-adduct kan dus niet als intermediair worden 
waargenomen. In de Chichibabin aminering, de teZe-aminering en de reacties, die 
verlopen volgens het SN(ANR0RS) mechanisme, is de tweede stap langzaam; het 
a-adduct kan nu bij lage temperatuur worden waargenomen met behulp van NMR spec-
troscopie. 
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In hoofdstuk 5 wordt een nieuwe methode beschreven voor het reductief afsplit-
sen van amino- en alkylaminogroepen van plaats 6 in 9-gesubstitueerde purinen 
met behulp van natrium in vloeibare ammoniak. De reactie verloopt via reductie 
van de N(l)- C(6) band, gevolgd door eliminering. Deze methode is interessant 
daar de alternatieve methode voor de afsplitsing van aminogroepen via diazo-
tering onbruikbaar is voor verwijdering van alkylaminogroepen. 
In het laatste deel van dit proefschrift wordt het optreden van geometrische 
isomerie in de anionen van aromatische aminen in aanwezigheid van kaliumamide 
in vloeibare ammoniak beschreven. Er wordt aangetoond dat geometrische isomerie 
zelfs in anilines, waar de rotatiebarrière lager zal zijn dan in azaaromaten, 
optreedt. Dit wordt bevestigd door het optreden van coalescentie bij toenemende 
temperatuur (hoofdstuk 6). 
1 13 Het is mogelijk gebleken de H en C NMR spectra te interpreteren op basis van 
toekenning aan de syn en anti isomeren van de anionen van aminopyridinen, amino-
pyrimidinen en N-methylaminopyridinen. Het ortho waterstofatoom in de syn-posi-
tie ten opzichte van het vrije elektronenpaar blijkt in al deze anionen bij 
lager veld te resoneren dan het waterstofatoom in de anti-positie. Voor de 
13 C NMR verschuivingen van de ortho kool stofatomen wordt gevonden dat in de 
anionen van N-methylaminopyridinen het ortho koolstofatoom in de syn-positie 
ten opzichte van het vrije elektronenpaar ook bij lager veld resoneert dan het 
ortho koolstofatoom in de anti-positie, maar dat dit in de anionen van amino-
pyridinen en aminopyrimidinen precies omgekeerd is. We hebben verder aangetoond 
dat de aanwezigheid van een methylgroep op de ortho plaats ten opzichte van 
de NH" groep een voorkeur veroorzaakt voor het isomeer, waarin het proton van 
de NH~ groep syn staat ten opzichte van de methylgroep. Dit wordt verklaard 
door aan te nemen dat het elektronenpaar "groter" is dan een proton, maar het 
wordt niet onmogelijk geacht dat het voorkeursisomeer ook gestabiliseerd wordt 
door een betere solvatatie en door een elektronisch effect. 
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